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Abstract
In three dimensions, it is known that field theories possessing extended (p, q)
anti-de Sitter (AdS) supersymmetry with N = p + q ≥ 3 can be realised in (2,0)
AdS superspace. Here we present a formalism to reduce every field theory with (2,0)
AdS supersymmetry to N = 1 AdS superspace. As nontrivial examples, we consider
supersymmetric nonlinear sigma models formulated in terms of N = 2 chiral and
linear supermultiplets. The (2, 0) → (1, 0) AdS reduction technique is then applied
to the off-shell massless higher-spin supermultiplets in (2,0) AdS superspace con-
structed in [1]. As a result, for each superspin value sˆ, integer (sˆ = s) or half-integer
(sˆ = s + 12 ), with s = 1, 2, . . . , we obtain two off-shell formulations for a massless
N = 1 superspin-sˆ multiplet in AdS3. These models prove to be related to each
other by a superfield Legendre transformation in the flat superspace limit, but the
duality is not lifted to the AdS case. Two out of the four series of N = 1 supersym-
metric higher-spin models thus derived are new. The constructed massless N = 1
supersymmetric higher-spin actions in AdS3 are used to formulate (i) higher-spin su-
percurrent multiplets in N = 1 AdS superspace; and (ii) new topologically massive
higher-spin off-shell supermultiplets. Examples of N = 1 higher-spin supercurrents
are given for models of a complex scalar supermultiplet. We also present two new
off-shell formulations for a massive N = 1 gravitino supermultiplet in AdS3.
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1 Introduction
In three spacetime dimensions, the AdS group is a product of two simple groups,
SO(2, 2) ∼=
(
SL(2,R)× SL(2,R)
)
/Z2 , (1.1)
and so are its supersymmetric extensions OSp(p|2;R)× OSp(q|2;R).1 This implies that
N -extended AdS supergravity exists in several incarnations [2], which are known as the
(p, q) AdS supergravity theories, where the integers p ≥ q ≥ 0 are such that N = p + q.
The so-called (p, q) AdS superspace [3]
AdS(3|p,q) =
OSp(p|2;R)×OSp(q|2;R)
SL(2,R)× SO(p)× SO(q) (1.2)
may be interpreted as a maximally symmetric solution of (p, q) AdS supergravity.2 Within
the off-shell formulation for N -extended conformal supergravity which was first sketched
in [4] and then fully developed in [5], AdS(3|p,q) originates as a maximally symmetric
supergeometry with covariantly constant torsion and curvature generated by a symmetric
torsion SIJ = SJI , with the structure-group indices I, J taking values from 1 to N . It
turns out that SIJ is nonsingular and can be brought to the form
SIJ = S diag(
p︷ ︸︸ ︷
+1, · · · ,+1 ,
q=N−p︷ ︸︸ ︷
−1, · · · ,−1 ) , (1.3)
1More general AdS supergroups exist for N ≥ 4.
2In the case of N = 1 AdS supersymmetry, both notations (1, 0) and N = 1 are used in the literature.
We will often use the notation AdS3|2 for N = 1 AdS superspace.
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for some positive parameter S of unit dimension. For p = N ≥ 4 and q = 0, there exist
more general AdS superspaces [3] than the conformally flat ones defined by (1.2).
In the extended N = p + q ≥ 3 case, general (p, q) supersymmetric field theories in
AdS3 can be realised in (2,0) AdS superspace, AdS(3|2,0) [3,6].3 Such realisations are often
useful for applications, for instance, in order to study the target space geometry of super-
symmetric nonlinear σ-models in AdS3 [6]. It is worth elaborating on the σ-model story
in some more detail. For the N = 3 and N = 4 choices, manifestly (p, q) supersymmetric
formulations have been constructed [3] for the most general nonlinear σ-models in AdS3
(these formulations make use of the curved superspace techniques developed in [5]). This
manifestly supersymmetric setting is very powerful since it allows one to generate arbi-
trary nonlinear σ-models with (p, q) AdS supersymmetry. However, it also has a drawback
that the hyperka¨hler geometry of the σ-model target space is hidden. In order to uncover
this geometry, the formulation of the nonlinear σ-model in (2,0) AdS superspace becomes
truly indispensable [6].4
This work is somewhat similar in spirit to [6, 13], however our goals are quite dif-
ferent. Specifically, we develop a formalism to reduce every field theory with (2,0) AdS
supersymmetry to N = 1 AdS superspace. This formalism is then applied to carry out
the (2, 0) → (1, 0) AdS reduction of the off-shell massless higher-spin supermultiplets
in AdS(3|2,0) constructed in [1]. There are at least two motivations for pursuing such
an application. Firstly, certain theoretical arguments imply that there exist more gen-
eral off-shell massless higher-spin N = 1 supermultiplets in AdS3 than those described
in [14]. Secondly, N = 1 supermultiplets of conserved higher-spin currents have never
been constructed in AdS3 (except for the superconformal multiplets of conserved currents
in Minkowski superspace [15] which can readily be lifted to AdS3). Both issues will be
addressed below. In particular, we will derive new off-shell higher-spin N = 1 supermul-
tiplets in AdS3, which will be used to construct new topologically massive higher-spin
supermultiplets.
3General aspects of (2,0) supersymmetric field theory in AdS3 were studied in [7].
4Analogous results exist in four dimensions. The most general N = 2 supersymmetric σ-model in
AdS4 was constructed [8, 9] using a formulation in terms of N = 1 covariantly chiral superfields, as
an extension of the earlier analysis in the super-Poincare´ case [10, 11]. One of the main virtues of the
N = 1 formulation [8,9] is its geometric character, however the second supersymmetry is hidden. General
off-shell N = 2 supersymmetric σ-models in AdS4 were actually formulated a few years earlier [12] in
N = 2 AdS superspace. The latter approach makes N = 2 supersymmetry manifest, but the hyperka¨hler
geometry of the σ-model target space is hidden. The two σ-model formulations are related via the
N = 2→ N = 1 AdS superspace reduction [13].
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The table of contents reflects the structure of the paper. Our notation and conventions
follow [5].
2 (2,0) → (1,0) AdS superspace reduction
The aim of this section is to elaborate on the details of procedure for reducing the
field theories in (2,0) AdS superspace to N = 1 AdS superspace. Explicit examples of
such a reduction are given by considering supersymmetric nonlinear σ-models.
2.1 Geometry of (2,0) AdS superspace: Complex basis
We begin by briefly reviewing the key results concerning (2,0) AdS superspace, see [6,7]
for the details. There are two ways to describe the geometry of (2,0) AdS superspace,
which correspond to making use of either a real or a complex basis for the spinor covariant
derivatives. We first consider the formulation in the complex basis.
The covariant derivatives of (2,0) AdS superspace are
DA = (Da,Dα, D¯α) = EA + ΩA + iΦAJ , EA = EAM ∂
∂zM
. (2.1)
where zM = (xm, θµ, θ¯µ) are local superspace coordinates, and J is the generator of the
R-symmetry group, U(1)R. The generator J is defined to act on the covariant derivatives
as follows:
[J,Dα] = Dα , [J, D¯α] = −D¯α , [J,Da] = 0 . (2.2)
The Lorentz connection, ΩA, can be written in several equivalent forms, which are
ΩA =
1
2
ΩAbcMbc = −ΩAbMb = 1
2
ΩAβγMβγ . (2.3)
The relations between the Lorentz generators with two vector indices (Mab = −Mba), one
vector index (Ma) and two spinor indices (Mαβ =Mβα) are given in Appendix A.
The covariant derivatives of (2,0) AdS superspace obey the following graded commu-
tation relations:
{Dα,Dβ} = 0 , {D¯α, D¯β} = 0 , (2.4a)
{Dα, D¯β} = −2i
(Dαβ − 2SMαβ)− 4iεαβSJ , (2.4b)
4
[Da,Dβ] = (γa)βγSDγ , [Da, D¯β] = (γa)βγSD¯γ , (2.4c)
[Da,Db] = −4S2Mab . (2.4d)
Here the parameter S is related to the AdS scalar curvature as R = −24S2.
There exists a universal formalism to determine isometries of curved superspace back-
grounds in diverse dimensions [16, 17]. This formalism was used in [7] to compute the
isometries of (2,0) AdS superspace (as well as supersymmetric backgrounds in off-shell
N = 2 supergravity theories [18]). The isometries of (2,0) AdS superspace are generated
by the Killing supervector fields ζAEA, which are defined to solve the master equation
[
ζ +
1
2
lbcMbc + iτJ ,DA
]
= 0 , (2.5a)
where
ζ = ζBDB = ζbDb + ζβDβ + ζ¯βD¯β , ζb = ζb , (2.5b)
and τ and lbc are some real U(1)R and Lorentz superfield parameters, respectively. It
follows from eq. (2.5) that the parameters ζα, τ and lαβ are uniquely expressed in terms
of the vector parameter ζαβ as follows:
ζα =
i
6
D¯βζβα , τ = i
2
Dαζα , lαβ = 2
(D(αζβ) − Sζαβ) . (2.6)
The vector parameter ζαβ satisfies the equation
D(αζβγ) = 0 . (2.7)
This implies the standard Killing equation,
Daζb +Dbζa = 0 . (2.8)
One may also prove the following relations
D¯ατ = i
3
D¯βlαβ = 4Sζα , D¯αζβ = 0 , D(αlβγ) = 0 . (2.9)
The Killing supervector fields prove to generate the supergroup OSp(2|2;R)×Sp(2,R), the
isometry group of (2,0) AdS superspace. Rigid supersymmetric field theories in (2,0) AdS
superspace are required to be invariant under the isometry transformations. An infinites-
imal isometry transformation acts on a tensor superfield U (with suppressed indices) by
the rule
δζU =
(
ζ +
1
2
lbcMbc + iτJ
)
U . (2.10)
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2.2 Geometry of (2,0) AdS superspace: Real basis
Instead of dealing with the complex basis for the (2,0) AdS spinor covariant derivatives,
eq. (2.1), it is more convenient to switch to a real basis in order to carry out reduction
to N = 1 AdS superspace AdS3|2. Following [3], such a basis is introduced by replacing
the complex operators Dα and D¯α with ∇Iα = (∇1α,∇2α) defined as follows:
Dα = 1√2(∇1α − i∇2α) , D¯α = − 1√2(∇1α + i∇2α) . (2.11)
In a similar way we introduce real coordinates, zM = (xm, θµI ), to parametrise (2,0) AdS
superspace. Defining ∇a = Da, the algebra of (2,0) AdS covariant derivatives (2.4) turns
into5
{∇Iα,∇Jβ} = 2iδIJ∇αβ − 4iδIJSMαβ + 4εαβεIJSJ , (2.12a)
[∇a,∇
J
β ] = S(γa)βγ∇Jγ , [∇a,∇b] = −4S2Mab , (2.12b)
The action of the U(1)R generator on the spinor covariant derivatives is given by
[J,∇Iα] = −iεIJ∇Jα . (2.13)
As may be seen from (2.12), the graded commutation relations for the operators ∇a
and ∇1α have the following properties:
1. These (anti-)commutation relations do not involve ∇2α,
{∇1α,∇1β} = 2i∇αβ − 4iSMαβ , (2.14a)
[∇a,∇
1
β] = S(γa)βγ∇1γ , [∇a,∇b] = −4S2Mab . (2.14b)
2. Relations (2.14) are identical to the algebra of the covariant derivatives of AdS3|2,
see (2.4).
We thus see that AdS3|2 is naturally embedded in (2,0) AdS superspace as a subspace.
The real Grassmann variables of (2,0) AdS superspace, θµI = (θ
µ
1 , θ
µ
2 ), may be chosen in
such a way that AdS3|2 corresponds to the surface defined by θµ2 = 0. We also note that
no U(1)R curvature is present in the algebra of N = 1 AdS covariant derivatives. These
properties make possible a consistent (2, 0)→ (1, 0) AdS superspace reduction.
5The antisymmetric tensors εIJ and εIJ are normalised as ε
12 = ε12 = 1.
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Now we will recast the fundamental properties of the (2,0) AdS Killing supervec-
tor fields in the real representation (2.11). The isometries of (2,0) AdS superspace are
described in terms of those first-order operators
ζ := ζB∇B = ζb∇b + ζ
β
J∇
J
β , J = 1, 2 , (2.15a)
which solve the equation
[
ζ +
1
2
lbcMbc + iτJ,∇A
]
= 0 , (2.15b)
for some real parameters τ and lab = −lba. Equation (2.15b) is equivalent to
∇Iαζ
J
β = −εαβεIJτ + SδIJζαβ +
1
2
δIJ lαβ , (2.16a)
∇Iαζb = 2i ζ
βI(γb)αβ , (2.16b)
∇Iατ = −4iSεIJζαJ , (2.16c)
∇Iαlβγ = 8iSεα(βζIγ) , (2.16d)
and
∇aζb = lab = −lba , (2.17a)
∇aζ
β
I = −SζαI (γa) βα , (2.17b)
∇aτ = 0 , (2.17c)
∇al
bc = 4S2(δbaζc − δcaζb) . (2.17d)
Some nontrivial implications of the above equations which will be important for our
subsequent consideration are:
∇I(αζβγ) = 0 , ∇
I
(αlβγ) = 0 , (2.18a)
∇I(αζ
J
β) = 2S δIJζαβ , ∇γ(IζJ)γ = 0 , (2.18b)
ζIα =
i
6
∇Iβζ
αβ =
i
12S∇
I
βl
αβ = − i
4S ε
IJ∇αJ τ , (2.18c)
τ = −1
4
εIJ∇
γIζJγ . (2.18d)
Equation (2.17a) implies that ζa is a Killing vector field,
∇aζb +∇bζa = 0 , (2.19)
while (2.17b) is a Killing spinor equation. The real parameter τ is constrained by
(∇2)2τ = (∇1)2τ = 8iSτ , ∇aτ = 0 . (2.20)
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2.3 Reduction from (2,0) to N = 1 AdS superspace
Given a tensor superfield U(x, θI) on (2,0) AdS superspace, its N = 1 projection (or
bar-projection) is defined by
U | := U(x, θI)|θ2=0 (2.21)
in a special coordinate system to be specified below. By definition, U | depends on the
real coordinates zM = (xm, θµ), with θµ := θµ1 , which will be used to parametrise N = 1
AdS superspace AdS3|2. For the (2,0) AdS covariant derivative
∇A = (∇a,∇Iα) = EA
M ∂
∂zM
+
1
2
ΩAbcMbc + iΦAJ , (2.22)
its bar-projection is defined as
∇A| = EAM| ∂
∂zM
+
1
2
ΩAbc|Mbc + iΦA|J . (2.23)
We use the freedom to perform general coordinate, local Lorentz and U(1)R transfor-
mations to choose the following gauge condition
∇a| = ∇a , ∇1α| = ∇α , (2.24)
where
∇A = (∇a,∇α) = EAM ∂
∂zM
+
1
2
ωA
bcMbc (2.25)
denotes the set of covariant derivatives for AdS3|2, which obey the following graded com-
mutation relations:
{∇α,∇β} = 2i∇αβ − 4iSMαβ , (2.26a)
[∇a,∇β] = S(γa)βγ∇γ , [∇a,∇b] = −4S2Mab . (2.26b)
In such a coordinate system, the operator ∇1α| contains no partial derivative with respect
to θ2. As a consequence,
(
∇1α1 · · ·∇1αkU
)∣∣ = ∇α1 · · ·∇αkU |, for any positive integer k,
where U is a tensor superfield on (2,0) AdS superspace. Let us study how the N = 1
descendants of U defined by Uα1...αk :=
(
∇2α1 · · ·∇2αkU
)∣∣ transform under the (2,0) AdS
isometries, with k a non-negative integer.
We introduce the N = 1 projection of the (2,0) AdS Killing supervector field (2.15)
ζ | = ξb∇b + ξβ∇β + ǫβ∇2β| , ξb := ζb| , ξβ := ζβ1 | , ǫβ := ζβ2 | . (2.27)
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We also introduce the N = 1 projections of the Lorentz and U(1)R parameters in (2.15):
λbc := lbc| , ǫ := τ | . (2.28)
It follows from (2.15) that the N = 1 parameters ξB = (ξb, ξβ) and λbc obey the equation
[
ξ +
1
2
λbcMbc,∇A
]
= 0 , ξ = ξB∇B = ξb∇b + ξβ∇β , (2.29)
which tells us that ξB is a Killing supervector field of N = 1 AdS superspace [3]. This
equation is equivalent to
∇(αξβγ) = 0 , ∇βξβα = −6iξα , (2.30a)
∇αξβ = 1
2
λαβ + Sξαβ , (2.30b)
∇(αλβγ) = 0 , ∇βλβα = −12iSξα . (2.30c)
These relations automatically follow from the (2,0) AdS Killing equations, eqs. (2.16a) –
(2.16d), uponN = 1 projection. Thus (ξa, ξα, λab) parametrise the infinitesimal isometries
of AdS3|2 [3] (see also [14]).
The remaining parameters ǫα and ǫ generate the second supersymmetry and U(1)R
transformations, respectively. Using the Killing equations (2.18), it can be shown that
they satisfy the following properties
ǫα =
i
4S∇αǫ , ǫ = −
1
2
∇αǫα , (2.31a)
(i∇2 + 8S)ǫ = 0 , ∇aǫ = 0 . (2.31b)
These imply that the only independent components of ǫ are ǫ|θ=0 and ∇αǫ|θ=0. They
correspond to the U(1)R and second supersymmetry transformations, respectively.
Given a matter tensor superfield U , its (2,0) AdS transformation law
δζU =
(
ζ +
1
2
lbcMbc + iτJ
)
U (2.32)
turns into
δζU | = δξU |+ δǫU | , (2.33a)
δξU | =
(
ξb∇b + ξβ∇β + 1
2
λbcMbc
)
U | , (2.33b)
δǫU | =
(
ǫβ(∇
2
βU )|+ iǫJ U |
)
. (2.33c)
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It follows from (2.15) and (2.33) that every N = 1 descendant Uα1...αk :=
(
∇2α1 · · ·∇2αkU
)∣∣
is a tensor superfield on AdS3|2,
δξUα1...αk =
(
ξb∇b + ξβ∇β + 1
2
λbcMbc
)
Uα1...αk . (2.34)
For the ǫ-transformation we get
δǫUα1...αk = ǫ
β
(
∇
2
β∇
2
α1
· · ·∇2αkU
)∣∣+ iǫ(J∇2α1 · · ·∇2αkU)∣∣ (2.35)
= ǫβUβα1...αk − ǫ
k∑
l=1
∇2α1 · · ·∇2αl−1∇1αl∇2αl+1 · · ·∇2αkU
)∣∣+ iqǫUα1...αk ,
where q is the U(1)R charge of U defined by JU = qU . In the second term on the right,
we have to push ∇1αl to the far left through the (l − 1) factors of ∇2’s by making use of
the relation {∇1α,∇2β} = 4εαβSJ and taking into account the relation(
∇1αl∇
2
α1
· · ·∇2αl−1∇2αl+1 · · ·∇2αkU
)∣∣ = ∇αlUα1...αl−1αl+1...αk . (2.36)
As the next step, the U(1)R generator J should be pushed to the right until it hits U pro-
ducing on the way insertions of ∇1. Then the procedure should be repeated. As a result,
the variation δǫUα1...αk is expressed in terms of the superfields Uα1...αk+1 , Uα1...αk , · · ·Uα1 , U .
So far we have been completely general and discussed infinitely many descendants
Uα1...αk of U . However only a few of them are functionally independent. Indeed, eq.
(2.12a) tells us that
{∇2α,∇2β} = 2i∇αβ − 4iSMαβ , (2.37)
and thus every Uα1...αk for k > 2 can be expressed in terms of U , Uα and Uα1α2 . Therefore,
it suffices to consider k ≤ 2.
Let us give two examples of matter superfields on (2,0) AdS superspace. We first
consider a covariantly chiral scalar superfield φ, D¯αφ = 0, with an arbitrary U(1)R
charge q defined by Jφ = qφ. It transforms under the (2,0) AdS isometries as
δζφ = (ζ + iqτ)φ . (2.38)
When expressed in the real basis (2.11), the chirality constraint on φ means
∇2αφ = i∇
1
αφ , (2.39)
As a result, there is only one independent N = 1 superfield upon reduction,
ϕ := φ| . (2.40)
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We then get the following relations
∇2αφ| = i∇αϕ , (2.41a)
(∇2)2φ| = −∇2ϕ− 8iqSϕ . (2.41b)
The ǫ-transformation (2.35) is given by
δǫϕ = iǫ
β∇βϕ+ iqǫϕ . (2.42)
Our second example is a real linear superfield L = L¯ , D¯2L = 0 . The real linearity
constraint relates the N = 1 descendants of L as follows:
(∇2)2L = (∇1)2L , (2.43a)
∇1β∇
2
βL = 0 . (2.43b)
Thus, L is equivalent to two independent, real N = 1 superfields:
X := L| , Wα := i∇2αL| . (2.44)
Here X is unconstrained, while Wα obeys the constraint (2.43b)
∇αWα = 0 , (2.45)
which means thatWα is the field strength of an N = 1 vector multiplet. Since L is neutral
under the R-symmetry group U(1)R, J L = 0, the second SUSY and U(1)R transformation
laws of the N = 1 descendants of L are as follows:
δǫX = δǫL| = ǫβ(∇2βL)| = −iǫβWβ , (2.46a)
δǫWα = i
(
∇2αδǫL
)| = iǫβ(∇2β∇2αL)| − ǫ[J,∇2α]L|
= −ǫβ∇αβX − i
2
ǫα∇2X − iǫ∇αX . (2.46b)
2.4 The (2,0) AdS supersymmetric actions in AdS3|2
Every rigid supersymmetric field theory in (2,0) AdS superspace may be reduced to
N = 1 AdS superspace. Here we provide the key technical details of the reduction.
In accordance with [5–7,18], there are two ways of constructing supersymmetric actions
in (2,0) AdS superspace: (i) either by integrating a real scalar L over the full (2,0) AdS
superspace,6
S =
∫
d3xd2θd2θ¯E L = 1
16
∫
d3x eD2D¯2L
∣∣∣
θ=0
=
1
16
∫
d3x e D¯2D2L
∣∣∣
θ=0
(2.47)
6The component inverse vierbein is defined as usual, ea
m(x) = Ea
m|θ=0, with e−1 = det(eam).
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=∫
d3x e
( 1
16
DαD¯2Dα + iSD¯αDα
)
L
∣∣∣
θ=0
=
∫
d3x e
( 1
16
D¯αD2D¯α + iSDαD¯α
)
L
∣∣∣
θ=0
,
with E−1 = Ber(EAM); or (ii) by integrating a covariantly chiral scalar Lc over the chiral
subspace of the (2,0) AdS superspace,
Sc =
∫
d3x d2θ E Lc = −1
4
∫
d3x eD2Lc
∣∣∣
θ=0
, D¯αLc = 0 , (2.48)
with E being the chiral density. The superfield Lagrangians L and Lc are neutral and
charged, respectively with respect to the group U(1)R:
JL = 0 , JLc = −2Lc . (2.49)
The two types of supersymmetric actions are related to each other by the rule∫
d3xd2θd2θ¯E L =
∫
d3xd2θ ELc , Lc := −1
4
D¯2L . (2.50)
Instead of reducing the above actions to components, in this paper we need their
reduction to N = 1 AdS superspace. We remind the reader that the supersymmetric
action in AdS3|2 makes use of a real scalar Lagrangian L. The superspace and component
forms of the action are:
S =
∫
d3|2z E L =
1
4
∫
d3x e
(
i∇2 + 8S)L∣∣∣
θ=0
. (2.51)
For the action (2.47) we get
S =
∫
d3xd2θd2θ¯E L = − i
4
∫
d3|2z E (∇2)2L
∣∣∣ , (2.52)
with E−1 = Ber(EA M). The chiral action (2.48) reduces to AdS
3|2 as follows:
Sc =
∫
d3xd2θ ELc = 2i
∫
d3|2z E Lc
∣∣∣ . (2.53)
Making use of the (2,0) AdS transformation law δL = ζL, δLc = (ζ − 2iτ)Lc, and
the Killing equation (2.15b), it can be checked explicitly that the N = 1 action defined
by the right-hand side of (2.52), or (2.53) are invariant under the (2,0) AdS isometry
transformations.
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2.5 Supersymmetric nonlinear sigma models
To illustrate the (2, 0) → (1, 0) AdS superspace reduction described above, here we
discuss two interesting examples.
Our first example is a general nonlinear σ-model with (2,0) AdS supersymmetry [6,7].
It is described by the action
S =
∫
d3x d2θ d2θ¯EK(φi, φ¯j¯) +
{∫
d3xd2θ EW (φi) + c.c
}
, D¯αφi = 0 , (2.54)
whereK(φi, φ¯j¯) is the Ka¨hler potential of a Ka¨hler manifold andW (φi) is a superpotential.
The U(1)R generator is realised on the dynamical superfields φ
i and φ¯i¯ as
iJ = Ji(φ)∂i + J¯
i¯(φ¯)∂i¯ , (2.55)
where Ji(φ) is a holomorphic Killing vector field such that
Ji(φ)∂iK = − i
2
D(φ, φ¯) , D¯ = D , (2.56)
for some Killing potential D(φ, φ¯). The superpotential has to obey the condition
Ji(φ)∂iW = −2iW (2.57)
in order for the action (2.54) to be invariant under the (2,0) AdS isometry transformations
δφi = (ζ + iτJ)φi . (2.58)
In the real representation (2.11), the chirality condition on φi turns into
∇2αφ
i = i∇1αφ
i . (2.59)
It follows that upon N = 1 reduction, φi leads to just one superfield,
ϕi := φi| . (2.60)
In particular, we have the following relations
∇2αφ
i| = i∇αϕi , (2.61a)
(∇2)2φi| = −∇2ϕi − 8SJi(ϕ) . (2.61b)
Using the reduction rules (2.52) and (2.53), we obtain
S =
∫
d3|2z E
{
− iKij¯(ϕ, ϕ¯)∇αϕi∇αϕ¯j¯ + SD(ϕ, ϕ¯) +
(
2iW (ϕ) + c.c.
)}
, (2.62)
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where we have made use of the standard notation
Ki1···ip j¯1···j¯q :=
∂p+qK(ϕ, ϕ¯)
∂ϕi1 · · ·∂ϕip∂ϕ¯j¯1 · · ·∂ϕ¯j¯q . (2.63)
The action (2.62) is manifestly N = 1 supersymmetric. One may explicitly check that
it is also invariant under the second supersymmetry and R-symmetry transformations
generated by a real scalar parameter ǫ subject to the constraints (2.31), which are:
δǫϕ
i = iǫα∇αϕi + ǫ Ji(ϕ) . (2.64)
The family of supersymmetric σ-models (2.54) includes a special subclass which is
specified by the two conditions: (ii) all φ’s are neutral, Jφi = 0; and (ii) no superpotential
is present, W (φ) = 0. In this case no restriction on the Ka¨hler potential is imposed by
eq. (2.56), and the action (2.54) is invariant under arbitrary Ka¨hler transformations
K → K + Λ + Λ¯, (2.65)
with Λ(φi) a holomorphic function. The corresponding action in N = 1 AdS superspace
is obtained from (2.62) by setting D(ϕ, ϕ¯) = 0 and W (ϕ) = 0, and thus the action is
manifestly Ka¨hler invariant.
Let us also consider a supersymmetric nonlinear σ-model formulated in terms of several
Abelian vector multiplets with action [7]
S = −2
∫
d3x d2θ d2θ¯E F (Li) , D¯2Li = 0 , L¯i = Li , (2.66)
where F (xi) is a real analytic function of several variables, which is defined modulo linear
inhomogeneous shifts
F (x)→ F (x) + bixi + c , (2.67)
with real parameters bi and c. The real linear scalar L
i is the field strength of a vector
multiplet. Upon reduction to N = 1 AdS superspace, Li generates two different N = 1
superfields:
X i := Li| , W iα := i∇2αLi| . (2.68)
Here the real scalar X i is unconstrained, while the real spinor W iα obeys the constraint
∇αW iα = 0 , (2.69)
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which means that W iα is the field strength of an N = 1 vector multiplet. Reducing the
action (2.66) to N = 1 AdS superspace gives
S = − i
2
∫
d3|2z E gij(X)
{
∇αX i∇αXj +W αiW jα
}
, (2.70)
where we have introduced the target-space metric
gij(X) =
∂2F (X)
∂X i∂Xj
. (2.71)
The vector multiplets in (2.70) can be dualised into scalar ones, which gives
Sdual = − i
2
∫
d3|2z E
{
gij(X)∇αX i∇αXj + gij(X)∇αYi∇αYj
}
, (2.72)
with gij(X) being the inverse metric. Riemannian metrics of the type (2.71) appeared
in the literature twenty years ago in the context of N = 4 supersymmetric quantum
mechanics [19] and N = 4 superconformal mechanics [20].
3 Massless higher-spin models: Type II series
There exist two off-shell formulations for a massless multiplet of half-integer superspin
(s + 1
2
) in (2,0) AdS superspace [1], with s = 2, 3, . . . , which are called the type II
and type III series7 by analogy with the terminology used in [7] for the linearised off-shell
formulations forN = 2 supergravity (s = 1). In this section we describe the (2, 0)→ (1, 0)
AdS superspace reduction of the type II theory. The reduction of the type III theory will
be given in section 4.
3.1 The type II theory
We fix an integer s > 1. In accordance with [1], the massless type II multiplet of
superspin (s+ 1
2
) is described in terms of two unconstrained real tensor superfields
V(II)
(s+ 1
2
)
=
{
Hα(2s),Lα(2s−2)
}
, (3.1)
7Type I series will be referred to the longitudinal formulation for the gauge massless half-integer
superspin multiplets in (1,1) AdS superspace [21] and Minkowski superspace [22]. The type I series and
its dual are naturally related to the off-shell formulations for massless higher-spin N = 1 supermultiplets
in four dimensions [23–25]. The type II and type III series have no four-dimensional counterpart.
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where Hα(2s) = H(α1...α2s) and Lα(2s−2) = L(α1...α2s−2) are symmetric in their spinor indices.
The dynamical superfields are defined modulo gauge transformations of the form
δλHα(2s) = D¯(α1λα2...α2s) −D(α1 λ¯α2...α2s) ≡ gα(2s) + g¯α(2s) , (3.2a)
δλLα(2s−2) = − i
2
(D¯βλβα(2s−2) +Dβλ¯βα(2s−2)) , (3.2b)
where the gauge parameter λα(2s−1) is unconstrained complex. Eq. (3.2a) implies that
the complex gauge parameter gα(2s) is a covariantly longitudinal linear superfield,
gα(2s) := D¯(α1λα2...α2s) , D¯(α1gα2...α2s+1) = 0 . (3.3)
The gauge transformation of Hα(2s), eq. (3.2a), corresponds to the superconformal gauge
prepotential [21, 22]. The prepotential Lα(2s−2) is a compensating multiplet. In addition
to (3.2b), the compensator Lα(2s−2) also possesses its own gauge freedom of the form
δξLα(2s−2) = ξα(2s−2) + ξ¯α(2s−2) , D¯βξα(2s−2) = 0 , (3.4)
with the gauge parameter ξα(2s−2) being covariantly chiral.
Associated with Lα(2s−2) is the real field strength
Lα(2s−2) = iDβD¯βLα(2s−2) , Lα(2s−2) = L¯α(2s−2) , (3.5)
which is a covariantly linear superfield,
D2Lα(2s−2) = 0 ⇐⇒ D¯2Lα(2s−2) = 0 . (3.6)
It is inert under the gauge transformation (3.4), δξLα(2s−2) = 0. From (3.2b) we can read
off the λ-gauge transformation of the field strength:
δλLα(2s−2) =
1
4
(DβD¯2λβα(2s−2) − D¯βD2λ¯βα(2s−2)) .
= − s
2s + 1
DβD¯γ(gβγα(2s−2) + g¯βγα(2s−2))− 2is
2s+ 1
Dβγ g¯βγα(2s−2) . (3.7)
The type II theory is described by the action
S
(II)
(s+ 1
2
)
[Hα(2s),Lα(2s−2)] =
(
− 1
2
)s ∫
d3xd2θd2θ¯E
{
1
8
Hα(2s)DβD¯2DβHα(2s)
−s
8
([Dβ, D¯γ]Hβγα(2s−2))[Dδ, D¯ρ]Hδρα(2s−2)
+
s
2
(DβγHβγα(2s−2))DδρHδρα(2s−2) + 2isSHα(2s)DβD¯βHα(2s)
16
−2s− 1
2
(
Lα(2s−2)[Dβ, D¯γ]Hβγα(2s−2) + 2Lα(2s−2)Lα(2s−2)
)
−(s− 1)(2s− 1)
4s
(
DβLβα(2s−3)D¯2DγLγα(2s−3) + c.c.
)
−4(2s− 1)SLα(2s−2)Lα(2s−2)
}
. (3.8)
It is invariant under the gauge transformations (3.2) and (3.4).
The structure DβLβα(2s−3)D¯2DγLγα(2s−3) in (3.8) is not defined for s = 1. However it
comes with the factor (s − 1) and therefore drops out from (3.8) for s = 1. The action
(3.8) for s = 1 coincides with the linearised action for (2,0) AdS supergravity, which was
originally derived in section 10.1 of [7].
3.2 Reduction of the gauge prepotentials to AdS3|2
Let us turn to reducing the gauge prepotentials (3.1) to N = 1 AdS superspace.8 Our
first task is to work out such a reduction for the superconformal gauge multiplet Hα(2s).
In the real representation (2.11), the longitudinal linear constraint (3.3) takes the form
∇
2
(α1
gα2...α2s+1) = i∇
1
(α1
gα2...α2s+1) . (3.9)
It follows that gα(2s) has two independent θ2-components, which are
gα(2s)| , ∇2βgα(2s−1)β | . (3.10)
The gauge transformation of Hα(2s), eq. (3.2a), allows us to choose two gauge conditions
Hα(2s)| = 0 , ∇2βHα(2s−1)β | = 0 . (3.11)
In this gauge we stay with the following unconstrained real N = 1 superfields:
Hα(2s+1) := i∇
2
(α1
Hα2...α2s+1)| , (3.12a)
Hα(2s) :=
i
4
(∇2)2Hα(2s)| . (3.12b)
There exists a residual gauge freedom which preserves the gauge conditions (3.11). It is
described by unconstrained real N = 1 superfields ζα(2s) and ζα(2s−1) defined by
gα(2s)| = − i
2
ζα(2s) , ζ¯α(2s) = ζα(2s) , (3.13a)
8In the super-Poincare´ case, the N = 2→ N = 1 reduction of Hα(2s) has been carried out in [26].
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∇2βgα(2s−1)β | = 2s+ 1
2s
ζα(2s−1) , ζ¯α(2s−1) = ζα(2s−1) . (3.13b)
The gauge transformation laws of the superfields (3.12) are given by
δHα(2s+1) = i∇(α1ζα2...α2s+1) , (3.14a)
δHα(2s) = ∇(α1ζα2...α2s) . (3.14b)
Our next step is to reduce the compensator Lα(2s−2) toN = 1 AdS superspace. Making
use of the representation (2.11), we observe that the chirality condition (3.4) reads
∇
2
βξα(2s−2) = i∇
1
βξα(2s−2) . (3.15)
The gauge transformation (3.4) allows us to impose a gauge condition
Lα(2s−2)| = 0 . (3.16)
Thus, upon reduction to N = 1 superspace, we have the following real superfields
Ψβ;α(2s−2) := i∇
2
βLα(2s−2)| , (3.17a)
Lα(2s−2) :=
i
4
(∇2)2Lα(2s−2)| . (3.17b)
Here Ψβ;α(2s−2) is a reducible superfield which belongs to the representation 2⊗ (2s− 1)
of SL(2,R), Ψβ;α1...α2s−2 = Ψβ; (α1...α2s−2). The condition (3.16) is preserved by the residual
gauge freedom generated by a real unconstrained N = 1 superfield ηα(2s−2) defined by
ξα(2s−2)| = − i
2
ηα(2s−2) , η¯α(2s−2) = ηα(2s−2) . (3.18)
We may now determine how the η-transformation acts on the superfields (3.17a) and
(3.17b). We obtain
δηΨβ;α(2s−2) = i∇βηα(2s−2) , (3.19a)
δηLα(2s−2) = 0 , (3.19b)
where we have used the chirality constraint (3.15) and the expression (3.18) for the residual
gauge transformation.
Next, we analyse the λ-gauge transformation and reduce the N = 2 field strength
Lα(2s−2) to AdS
3|2. In the real basis for the covariant derivatives, the real linearity con-
straint (3.6) is equivalent to two constraints:
(∇2)2Lα(2s−2) = (∇1)2Lα(2s−2) , (3.20a)
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∇1β∇
2
βLα(2s−2) = 0 . (3.20b)
These constraints imply that the resulting N = 1 components of Lα(2s−2) are given by
Lα(2s−2)| , i∇2βLα(2s−2)| , (3.21)
of which the former is unconstrained and the latter is a constrained N = 1 superfield that
proves to be a gauge-invariant field strength, as we shall see below. The relation between
Lα(2s−2) and the prepotential Lα(2s−2) is given by (3.5), which can be expressed as
Lα(2s−2) = − i
2
{
(∇1)2 + (∇2)2
}
Lα(2s−2) . (3.22)
We now compute the bar-projection of (3.22) in the gauge (3.16) and make use of the
definition (3.17b) to obtain
Lα(2s−2)| = −2Lα(2s−2) . (3.23)
Making use of (3.22) and (3.17a), the bar-projection of i∇2βLα(2s−2) leads to the N = 1
field strength
Wβ;α(2s−2) := i∇2βLα(2s−2)| = −i
(
∇γ∇β − 4iSδγβ
)
Ψγ;α(2s−2) . (3.24)
Here Wβ;α(2s−2) is a real superfield, Wβ;α(2s−2) = W¯β;α(2s−2), and is a descendant of the
real unconstrained prepotential Ψβ;α(2s−2) defined modulo gauge transformation (3.19a).
The field strength proves to be gauge invariant under (3.19a), and it satisfies the condition
∇βWβ;α(2s−2) = 0 , (3.25)
as a consequence of (3.20b) and the identity (A.7b). Let us express the gauge transfor-
mation of Lα(2s−2), eq. (3.7) in terms of the real basis for the covariant derivatives. This
leads to
δLα(2s−2) =
is
2s+ 1
{
∇1β∇2γ
(
gβγα(2s−2) + g¯βγα(2s−2)
)
+ ∇βγ
(
gβγα(2s−2) − g¯βγα(2s−2)
)}
, (3.26)
In a similar way, one should also rewrite ∇2β δLα(2s−2) in the real basis. This allows us to
derive the gauge transformations for Lα(2s−2) and Wβ;α(2s−2)
δLα(2s−2) = − s
2(2s+ 1)
∇βγζβγα(2s−2) , (3.27a)
δWβ;α(2s−2) = i
(∇γ∇β − 4iSδγβ)ζγα(2s−2) . (3.27b)
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We can then read off the transformation law for the prepotential Ψβ;α(2s−2)
δΨβ;α(2s−2) = −ζβα(2s−2) + i∇βηα(2s−2) , (3.27c)
where we have also taken into account the η-gauge freedom (3.19a).
Applying the N = 1 reduction rule (2.52) to the type II action (3.8), we find that it
becomes a sum of two actions,
S
(II)
(s+ 1
2
)
[Hα(2s),Lα(2s−2)] = S
‖
(s+ 1
2
)
[Hα(2s+1), Lα(2s−2)] + S⊥(s)[Hα(2s),Ψβ;α(2s−2)] . (3.28)
Explicit expressions for these N = 1 actions will be given in the next subsection.
3.3 Massless higher-spin N = 1 supermultiplets in AdS3
The gauge transformations (3.14a), (3.14b), (3.27a) and (3.27c) tell us that in fact we
are dealing with two different N = 1 supersymmetric higher-spin gauge theories.
Given a positive integer n > 0, we say that a supersymmetric gauge theory describes
a multiplet of superspin n/2 if it is formulated in terms of a superconformal gauge pre-
potential Hα(n) and possibly a compensating multiplet. The gauge freedom of the real
tensor superfield Hα(n) is
δζHα(n) = i
n(−1)⌊n/2⌋∇(α1ζα2...αn) , (3.29)
with the gauge parameter ζα(n−1) being real but otherwise unconstrained.
3.3.1 Longitudinal formulation for massless superspin-(s + 1
2
) multiplet
One of the two N = 1 theories provides an off-shell formulation for the massless
superspin-(s + 1
2
) multiplet. It is formulated in terms of the real unconstrained gauge
superfields
V‖
(s+ 1
2
)
=
{
Hα(2s+1), Lα(2s−2)
}
, (3.30)
which are defined modulo gauge transformations
δHα(2s+1) = i∇(α1ζα2...α2s+1) , (3.31a)
δLα(2s−2) = − s
2(2s+ 1)
∇βγζβγα(2s−2) , (3.31b)
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where the parameter ζα(2s) is unconstrained real. The gauge-invariant action is
S
‖
(s+ 1
2
)
[Hα(2s+1), Lα(2s−2)] =
(
− 1
2
)s ∫
d3|2z E
{
− i
2
Hα(2s+1)QHα(2s+1)
− i
8
∇βHβα(2s)∇2∇γHγα(2s) + is
4
∇βγHβγα(2s−1)∇ρδHρδα(2s−1)
+(2s− 1)Lα(2s−2)∇βγ∇δHβγδα(2s−2)
+2(2s− 1)
(
Lα(2s−2)(i∇2 − 4S)Lα(2s−2) − i
s
(s− 1)∇βLβα(2s−3)∇γLγα(2s−3)
)
+S
(
s∇βHβα(2s)∇γHγα(2s) + 1
2
(2s+ 1)Hα(2s+1)(∇2 − 4iS)Hα(2s+1)
)}
, (3.32)
where Q is the quadratic Casimir operator of the 3D N = 1 AdS supergroup (A.9) .
The action (3.32) coincides with the off-shell N = 1 supersymmetric action for massless
half-integer superspin in AdS in the form given in [14]. This supersymmetric gauge theory
in AdS3|2 was described in [14]. Its flat-superspace limit was presented earlier in [26]. In
what follows, we will refer to the above theory as the longitudinal formulation for the
massless superspin-(s + 1
2
) multiplet.
The structure ∇βLβα(2s−3)∇γLγα(2s−3) in (3.32) is not defined for s = 1. However it
comes with the factor (s− 1) and drops out from (3.32) for s = 1. The resulting action
S
‖
( 3
2
)
[Hα(3), L] = −1
2
∫
d3|2z E
{
− i
2
Hα(3)QHα(3) − i
8
∇βHβα(2)∇2∇γHγα(2)
+
i
4
∇βγHβγα∇ρδHρδα + L∇βγ∇δHβγδ + 2L
(
i∇2 − 4S)L (3.33)
+S
(
∇βHβα(2)∇γHγα(2) + 3
2
Hα(3)
(∇2 − 4iS)Hα(3))
}
is the linearised action for N = 1 AdS supergravity. In the flat-superspace limit, the
action is equivalent to the one given in [27].
3.3.2 Transverse formulation for massless superspin-s multiplet
The other N = 1 theory provides a formulation for the massless superspin-s multiplet.
It is described by the unconstrained real superfields
V⊥(s) =
{
Hα(2s),Ψβ;α(2s−2)
}
, (3.34)
which are defined modulo gauge transformations of the form
δHα(2s) = ∇(α1ζα2...α2s) , (3.35a)
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δΨβ;α(2s−2) = −ζβα(2s−2) + i∇βηα(2s−2) , (3.35b)
where the gauge parameters ζα(2s−1) and ηα(2s−2) are unconstrained real. The gauge-
invariant action is given by
S⊥(s)[Hα(2s),Ψβ;α(2s−2)] =
(
− 1
2
)s ∫
d3|2z E
{
1
2
Hα(2s)(i∇2 + 8sS)Hα(2s)
−is∇βHβα(2s−1)∇γHγα(2s−1) − (2s− 1)Wβ;α(2s−2)∇γHγβα(2s−2)
− i
2
(2s− 1)
(
Wβ;α(2s−2)Wβ;α(2s−2) + s− 1
s
Wβ; βα(2s−3)Wγ; γα(2s−3)
)
−2i(2s− 1)SΨβ;α(2s−2)Wβ;α(2s−2)
}
, (3.36a)
where Wβ;α(2s−2) denotes the field strength
Wβ;α(2s−2) = −i
(
∇γ∇β − 4iSδγβ
)
Ψγ;α(2s−2) , ∇βWβ;α(2s−2) = 0 . (3.36b)
The action (3.36) defines a new N = 1 supersymmetric higher-spin theory which did not
appear in [14, 21, 26] even in the super-Poincare´ case.
The structure Wβ; βα(2s−3)Wγ; γα(2s−3) in (3.36a) is not defined for s = 1. However
it comes with the factor (s − 1) and drops out from (3.36a) for s = 1. The resulting
gauge-invariant action
S⊥(1)[Hα(2),Ψβ] = −
1
2
∫
d3|2z E
{
1
2
Hα(2)(i∇2 + 8S)Hα(2) − i∇βHβα∇γHγα
−Wβ∇γHγβ − i
2
WβWβ − 2iSΨβWβ
}
(3.37)
provides an off-shell realisation for a massless gravitino multiplet in AdS3. In the flat-
superspace limit, this model reduces to the one described in [26].
In the s > 1 case, the gauge freedom of the prepotential Ψβ;α(2s−2) (3.35) allows us to
impose a gauge condition
Ψ(α1;α2...α2s−1) = 0 ⇐⇒ Ψβ;α(2s−2) =
2s−2∑
k=1
εβαkϕα1...αˆk ...α2s−2 , (3.38)
for some field ϕα(2s−3). Since we gauge away the symmetric part of Ψβ;α(2s−2), the two
gauge parameters ζα(2s−1) and ηα(2s−2) are related. The theory is now realised in terms of
the following dynamical variables{
Hα(2s), ϕα(2s−3)
}
, (3.39)
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with the gauge freedom
δHα(2s) = −∇(α1α2ηα3...α2s) , (3.40a)
δϕα(2s−3) = i∇βηβα(2s−3) . (3.40b)
It follows that in the flat-superspace limit, S = 0, and in the gauge (3.38), the action
(3.36) coincides with eq. (B.25) of [21]. The component structure of this model will be
discussed in Appendix B.1.
4 Massless higher-spin models: Type III series
In this section we carry out the N = 1 AdS superspace reduction of the type III
theory [1] following the procedure employed in section 3.
4.1 The type III theory
We fix a positive integer s > 1. In accordance with [1], the massless type III multiplet
of superspin (s+ 1
2
) is described in terms of two unconstrained real tensor superfields
V(III)
(s+ 1
2
)
=
{
Hα(2s),Vα(2s−2)
}
, (4.1)
which are symmetric in their spinor indices, Hα(2s) = H(α1...α2s) and Vα(2s−2) = V(α1...α2s−2).
The dynamical superfields are defined modulo gauge transformations of the form
δλHα(2s) = D¯(α1λα2...α2s) −D(α1 λ¯α2...α2s) = gα(2s) + g¯α(2s) , (4.2a)
δλVα(2s−2) =
1
2s
(D¯βλβα(2s−2) −Dβλ¯βα(2s−2)) , (4.2b)
where the gauge parameter λα(2s−1) is unconstrained complex, and the longitudinal linear
parameter gα(2s) is defined as in (3.3). As in the type II case, Hα(2s) is the superconformal
gauge multiplet, while Vα(2s−2) is a compensating multiplet. The only difference from the
type II case occurs in the gauge transformation law for the compensator Vα(2s−2).
The compensator Vα(2s−2) also possesses its own gauge freedom of the form
δξVα(2s−2) = ξα(2s−2) + ξ¯α(2s−2) , D¯βξα(2s−2) = 0 , (4.3)
with the gauge parameter ξα(2s−2) being covariantly chiral, but otherwise arbitrary.
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Associated with Vα(2s−2) is the real field strength
Vα(2s−2) = iDβD¯βVα(2s−2) , Vα(2s−2) = V¯α(2s−2) , (4.4)
which is inert under (4.3), δξVα(2s−2) = 0. It is not difficult to see that Vα(2s−2) is
covariantly linear,
D2Vα(2s−2) = 0 ⇐⇒ D¯2Vα(2s−2) = 0 . (4.5)
It varies under the λ-gauge transformation as
δλVα(2s−2) =
i
4s
(DβD¯2λβα(2s−2) + D¯βD2λ¯βα(2s−2)) .
= − i
2s + 1
DβD¯γ(gβγα(2s−2) − g¯βγα(2s−2))− 2
2s+ 1
Dβγ g¯βγα(2s−2) . (4.6)
Modulo normalisation, there exists a unique action being invariant under the gauge
transformations (4.2) and (4.3). It is given by
S
(III)
(s+ 1
2
)
[Hα(2s),Vα(2s−2)] =
(
− 1
2
)s ∫
d3xd2θd2θ¯E
{
1
8
Hα(2s)DβD¯2DβHα(2s)
− 1
16
([Dβ, D¯γ]Hβγα(2s−2))[Dδ, D¯ρ]Hδρα(2s−2)
+
1
4
(DβγHβγα(2s−2))DδρHδρα(2s−2) + iSHα(2s)DβD¯βHα(2s)
−2s− 1
2
(
Vα(2s−2)DβγHβγα(2s−2) + 1
2
Vα(2s−2)Vα(2s−2)
)
+
1
8
(s− 1)(2s− 1)
(
DβVβα(2s−3)D¯2DγVγα(2s−3) + c.c.
)
+2s(2s− 1)SVα(2s−2)Vα(2s−2)
}
. (4.7)
Although the structure DβVβα(2s−3)D¯2DγVγα(2s−3) in (4.7) is not defined for s = 1, it
comes with the factor (s − 1) and drops out from (4.7) for the s = 1 case. In this case
the action coincides with the type III supergravity action in (2,0) AdS superspace, which
was originally derived in section 10.2 of [7].
4.2 Reduction of the gauge prepotentials to AdS3|2
The reduction of the superconformal gauge multiplet Hα(2s) to AdS
3|2 has been carried
out in the previous section. We saw that in the gauge (3.11), Hα(2s) is described by the
two unconstrained real superfields Hα(2s+1) and Hα(2s) defined according to (3.12), with
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their gauge transformation laws given by eqs. (3.14a) and (3.14b), respectively. Now it
remains to reduce the prepotential Vα(2s−2) to N = 1 AdS superspace, following the same
approach as outlined in the type II series. The gauge transformation (4.3) allows us to
choose a gauge condition
Vα(2s−2)| = 0 . (4.8)
The compensator Vα(2s−2) is then equivalent to the following real N = 1 superfields,
which we define as follows:
Υβ;α(2s−2) := i∇
2
βVα(2s−2)| , (4.9a)
Vα(2s−2) :=
i
4
(∇2)2Vα(2s−2)| . (4.9b)
The residual gauge freedom, which preserves the gauge condition (4.8) is described by a
real unconstrained N = 1 superfield ηα(2s−2) defined by
ξα(2s−2)| = − i
2
ηα(2s−2) , η¯α(2s−2) = ηα(2s−2) . (4.10)
As a result, we may determine how (4.9a) and (4.9b) vary under η-transformation
δηΥβ;α(2s−2) = i∇βηα(2s−2) , (4.11a)
δηVα(2s−2) = 0 . (4.11b)
Next, we analyse the λ-gauge transformation and reduce the field strength Vα(2s−2) to
AdS3|2. In the real basis for the covariant derivatives, the real linearity constraint (4.5)
turns into:
(∇2)2Vα(2s−2) = (∇
1)2Vα(2s−2) , (4.12a)
∇1β∇
2
βVα(2s−2) = 0 . (4.12b)
This tells us that Vα(2s−2) is equivalent to two real N = 1 superfields
Vα(2s−2)| , i∇2βVα(2s−2)| . (4.13)
The relation between the field strength Vα(2s−2) and the prepotential Vα(2s−2) is given by
(4.4), which can be expressed as
Vα(2s−2) = − i
2
{
(∇1)2 + (∇2)2
}
Vα(2s−2) . (4.14)
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We now compute the bar-projection of (4.14) in the gauge (4.8) and make use of the
definition (4.9b) to obtain
Vα(2s−2)| = −2Vα(2s−2) . (4.15)
The bar-projection of i∇2βVα(2s−2) leads to the N = 1 field-strength
Ωβ;α(2s−2) := i∇
2
βVα(2s−2)|
= −i
(
∇γ∇β − 4iSδβ γ
)
Υγ;α(2s−2) , (4.16)
which is a real superfield, Ωβ;α(2s−2) = Ω¯β;α(2s−2), and is a descendant of the real uncon-
strained prepotential Υβ;α(2s−2) defined modulo gauge transformation (4.11a). One may
check that the field strength is invariant under (4.11a) and obeys the condition
∇βΩβ;α(2s−2) = 0 . (4.17)
Let us express the gauge transformation of Vα(2s−2), eq. (4.6) in terms of the real basis
for the covariant derivatives. This leads to
δVα(2s−2) = − 1
2s + 1
{
∇1β∇2γ
(
gβγα(2s−2) − g¯βγα(2s−2)
)
+ ∇βγ
(
gβγα(2s−2) + g¯βγα(2s−2)
)}
, (4.18)
One should also express its corollary∇
2
βδVα(2s−2) in the real basis for the covariant deriva-
tives. We determine the gauge transformations law for Vα(2s−2) and Ωβ;α(2s−2) to be
δVα(2s−2) =
1
2s
∇βζβα(2s−2) , (4.19a)
δΩβ;α(2s−2) =
1
2s+ 1
(∇γ∇β∇δ − 4iS∇δδβ γ)ζδγα(2s−2) . (4.19b)
From (4.19b) we read off the transformation law for the prepotential Υβ;α(2s−2):
δΥβ;α(2s−2) =
i
2s+ 1
(
∇γζγβα(2s−2) + (2s+ 1)∇βηα(2s−2)
)
, (4.20)
where we have also taken into account the η-gauge freedom (4.11a).
Performing N = 1 reduction to the original type III action (4.7), we arrive at two
decoupled N = 1 actions
S
(III)
(s+ 1
2
)
[Hα(2s),Vα(2s−2)] = S⊥(s+ 1
2
)
[Hα(2s+1),Υβ;α(2s−2)] + S
‖
(s)[Hα(2s), Vα(2s−2)] . (4.21)
We will present the exact form of these actions in the next subsection.
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4.3 Massless higher-spin N = 1 supermultiplets in AdS3
Upon reduction to N = 1 superspace, the type III theory leads to two N = 1 super-
symmetric gauge theories.
4.3.1 Longitudinal formulation for massless superspin-s multiplet
One of the two N = 1 theories provides an off-shell realisation for massless superspin-s
multiplet described in terms of the real unconstrained superfields
V‖(s) =
{
Hα(2s), Vα(2s−2)
}
, (4.22)
which are defined modulo gauge transformations of the form
δHα(2s) = ∇(α1ζα2...α2s) , (4.23a)
δVα(2s−2) =
1
2s
∇βζβα(2s−2) , (4.23b)
where the gauge parameter ζα(2s−1) is unconstrained real. The gauge-invariant action is
given by
S
‖
(s)[Hα(2s), Vα(2s−2)] =
(
− 1
2
)s ∫
d3|2z E
{
1
2
Hα(2s)
(
i∇2 + 4S)Hα(2s)
− i
2
∇βHβα(2s−1)∇γHγα(2s−1) − (2s− 1)V α(2s−2)∇βγHβγα(2s−2) (4.24)
+(2s− 1)
(1
2
V α(2s−2)
(
i∇2 + 8sS)Vα(2s−2) + (s− 1)∇βV βα(2s−3)∇γVγα(2s−3)) .
Modulo an overall normalisation factor, (4.24) coincides with the off-shell N = 1 super-
symmetric action for massless superspin-s multiplet in the form given in [14]. In the
flat-superspace limit it reduces to the action derived in [26].
Although the structure ∇βV βα(2s−3)∇γVγα(2s−3) in (4.24) is not defined for s = 1, it
comes with the factor (s − 1) and thus drops out from (4.24) for s = 1. The resulting
gauge-invariant action
S
‖
(1)[Hα(2), V ] = −
1
2
∫
d3|2z E
{
1
2
Hα(2)
(
i∇2 + 4S)Hα(2) − i
2
∇βHβα∇γHγα
−V∇βγHβγ + 1
2
V
(
i∇2 + 8S)V
}
(4.25)
describes an off-shell massless gravitino multiplet in AdS3. In the flat-superspace limit,
it reduces to the gravitino multiplet model described in [28] (see also [26]).
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4.3.2 Transverse formulation for massless superspin-(s + 1
2
) multiplet
The other theory provides an off-shell formulation for massless superspin-(s+ 1
2
) mul-
tiplet. It is described by the unconstrained superfields
V⊥
(s+ 1
2
)
=
{
Hα(2s+1),Υβ;α(2s−2)
}
, (4.26)
which are defined modulo gauge transformations of the form
δHα(2s+1) = i∇(α1ζα2...α2s+1) , (4.27a)
δΥβ;α(2s−2) =
i
2s+ 1
(∇γζγβα(2s−2) + (2s+ 1)∇βηα(2s−2)) . (4.27b)
The gauge-invariant action is
S⊥
(s+ 1
2
)
[H(2s+1),Υβ;α(2s−2)] =
(
− 1
2
)s ∫
d3|2z E
{
− i
2
Hα(2s+1)QHα(2s+1)
− i
8
∇βHβα(2s)∇2∇γHγα(2s) + i
8
∇βγHβγα(2s−1)∇ρδHρδα(2s−1)
− i
4
(2s− 1)Ωβ;α(2s−2)∇γδHγδβα(2s−2)
− i
8
(2s− 1)
(
Ωβ;α(2s−2)Ωβ;α(2s−2) − 2(s− 1)Ωβ; βα(2s−3)Ωγ; γα(2s−3)
)
+S
(
Hα(2s+1)
(∇2 − 4iS)Hα(2s+1) + 1
2
∇βHβα(2s)∇γHγα(2s)
)
+is(2s− 1)S Υβ;α(2s−2)Ωβ;α(2s−2)
}
, (4.28a)
where Ωβ;α(2s−2) denotes the real field strength
Ωβ;α(2s−2) = −i
(
∇γ∇β − 4iSδβ γ
)
Υγ;α(2s−2) , ∇βΩβ;α(2s−2) = 0 . (4.28b)
This action defines a new N = 1 supersymmetric higher-spin theory which did not appear
in [14, 21, 26].
The structure Ωβ;
βα(2s−3)Ωγ; γα(2s−3) in (4.28a) is not defined for s = 1. However it
comes with the factor (s− 1) and hence drops out from (4.28a) for s = 1. The resulting
gauge-invariant action
S⊥
( 3
2
)
[Hα(3),Υβ] = −1
2
∫
d3|2z E
{
− i
2
Hα(3)QHα(3) − i
8
∇βHβα(2)∇2∇γHγα(2)
+
i
8
∇βγHβγα∇ρδHρδα − i
4
Ωβ∇γδHγδβ
28
+S
(
Hα(3)
(∇2 − 4iS)Hα(3) + 1
2
∇βHβα(2)∇γHγα(2)
)
− i
8
ΩβΩβ + iS ΥβΩβ
}
(4.29)
provides an off-shell formulation for a linearised supergravity multiplet in AdS3. In the
flat-superspace limit, it reduces to the linearised supergravity model proposed in [26].
5 Analysis of the results
Let s > 0 be a positive integer. For each superspin value, integer (s) or half-integer
(s+ 1
2
), we have constructed two off-shell formulations which have been called longitudinal
and transverse. Now we have to explain this terminology.
Consider a field theory in AdS3|2 that is described in terms of a real tensor superfield
Vα(n). We assume the action to have the form
S‖[Vα(n)] =
∫
d3|2z E L(in+1∇βVα(n)) . (5.1)
It is natural to call ∇βVα(n) a longitudinal superfield, by analogy with a longitudinal
vector field. This theory possesses a dual formulation that is obtained by introducing a
first-order action
Sfirst-order =
∫
d3|2z E
{
L(Σβ;α(n))+ in+1Wβ;α(n)Σβ;α(n)} , (5.2)
where Σβ;α(n) is unconstrained and the Lagrange multiplier is
Wβ;α(n) = in+1
(
∇γ∇β − 4iSδγβ
)
Ψγ;α(n) , ∇βWβ;α(n) = 0 , (5.3)
for some unconstrained prepotential Ψγ;α(n). Varying (5.2) with respect to Ψγ;α(n) gives
∇β∇γΣβ;α(n) − 4iSΣγ;α(n) = 0 =⇒ Σβ;α(n) = in+1∇βVα(n) , (5.4)
and then Sfirst-order reduces to the original action (5.1). On the other hand, we may start
from Sfirst-order and integrate Σβ;α(n) out. This will lead to a dual action of the form
S⊥[Ψγ;α(n)] =
∫
d3|2z E Ldual
(Wβ;α(n)) . (5.5)
This is a gauge theory since the action is invariant under gauge transformations
δΨγ;α(n) = i
n+1∇γηα(n) . (5.6)
29
The gauge-invariant field strength Wβ;α(n) can be called a transverse superfield, due to
the constraint (5.3) it obeys.
It is natural to call the dual formulations (5.1) and (5.5) as longitudinal and transverse,
respectively.
Now, let us consider the transverse and longitudinal formulations for the massless
superspin-s models, which are given by eqs. (3.36) and (4.24), respectively. These
actions depend parametrically on S, the curvature of AdS superspace. We denote by
S⊥(s)[Hα(2s),Ψβ;α(2s−2)]FS and S
‖
(s)[Hα(2s), Vα(2s−2)]FS these actions in the limit S = 0, which
corresponds to a flat superspace. The dynamical systems S⊥(s)[Hα(2s),Ψβ;α(2s−2)]FS and
S
‖
(s)[Hα(2s), Vα(2s−2)]FS prove to be related to each other by the Legendre transformation
described above. Thus S⊥(s)[Hα(2s),Ψβ;α(2s−2)]FS and S
‖
(s)[Hα(2s), Vα(2s−2)]FS are dual for-
mulations of the same theory. This duality does not survive if S is non-vanishing.
The same feature characterises the longitudinal and transverse formulations for the
massless superspin-(s+ 1
2
) multiplet, which are described by the actions (3.32) and (4.28),
respectively. The flat-superspace counterparts of these higher-spin models, which we
denote by S
‖
(s+ 1
2
)
[Hα(2s+1), Lα(2s−2)]FS and S⊥(s+ 1
2
)
[Hα(2s+1),Υβ;α(2s−2)]FS, are dual to each
other. However, this duality does not survive if we turn on a non-vanishing AdS curvature.
The above discussion can be illustrated by considering the model for linearised gravity
in AdS3. It is described by the action
Sgravity =
1
8
∫
d3x e
{
hα(4)✷hα(4) −∇β(2)hβ(2)α(2)∇γ(2)hα(2)γ(2)
+
1
2
∇α(2)y∇β(2)hα(2)β(2) − 1
4
∇α(2)y∇α(2)y+ 8S2hα(4)hα(4) + 6S2y2
}
, (5.7)
which is invariant under gauge transformations
δξhα(4) = ∇(α1α2ζα3α4) , δξy =
2
3
∇α(2)ζα(2) . (5.8)
In the flat-space limit, S = 0, the model possesses a dual formulation in which the scalar
compensator y is replaced with a gauge one-form.9 However, such a duality transformation
cannot be lifted to AdS3.
9There is another dual realisation in which hα(4) turns into a gauge one-form hb;α(4) with an additional
gauge freedom.
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6 Non-conformal higher spin supercurrents
In the previous sections, we have shown that there exist two different off-shell formula-
tions for the massless higher-spin N = 1 supermultiplets. Massless half-integer superspin
theory can be realised in terms of the dynamical variables (3.30) and (4.26), while the
models (3.34) and (4.22) define massless multiplet of integer superspin s, with s > 1.
These models lead to different N = 1 higher-spin supercurrent multiplets. Our aim in
this section is to describe the general structure of N = 1 supercurrent multiplets in AdS.
6.1 N = 1 supercurrents: Half-integer superspin case
Our half-integer supermultiplet in the longitudinal formulation (3.30) can be coupled
to external sources
S
(s+ 1
2
)
source =
∫
d3|2z E
{
iHα(2s+1)Jα(2s+1) + 4L
α(2s−2)Sα(2s−2)
}
. (6.1)
The condition that the above action is invariant under the gauge transformations (3.31)
gives the conservation equation
∇βJβα(2s) = − 2s
(2s+ 1)
∇(α1α2Sα3···α2s) . (6.2)
For the transverse theory (4.26) described by the prepotentials {Hα(2s+1),Υβ;α(2s−2)},
we construct an action functional of the form
S
(s+ 1
2
)
source =
∫
d3|2z E
{
iHα(2s+1)Jα(2s+1) + 2isΥ
β;α(2s−2)Uβ;α(2s−2)
}
. (6.3)
Requiring that the action is invariant under the gauge transformations (4.27) leads to
∇βJβα(2s) = 2s
2s+ 1
∇(α1Uα2···α2s) , ∇βUβ;α(2s−2) = 0 . (6.4)
From the above consideration, it follows that the most general conservation equation in
the half-integer superspin case takes the form
∇βJβα(2s) = 2s
2s+ 1
(
∇(α1Uα2···α2s) −∇(α1α2Sα3···α2s)
)
, (6.5a)
∇βUβ;α(2s−2) = 0 . (6.5b)
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6.2 N = 1 supercurrents: Integer superspin case
In complete analogy with the half-integer superspin case, we couple the prepotentials
(4.22) in terms of which the integer superspin-s is described, to external sources
S(s)source =
∫
d3|2z E
{
Hα(2s)Jα(2s) + 2s V
α(2s−2)Rα(2s−2)
}
. (6.6)
For such an action to be invariant under the gauge freedom (4.23), the sources must be
conserved
∇βJβα(2s−1) = ∇(α1Rα2···α2s−1) . (6.7)
Next, we turn to the transverse formulation (3.34) characterised by the prepotentials
{Hα(2s+1),Ψβ;α(2s−2)} and construct an action functional
S(s)source =
∫
d3|2z E
{
Hα(2s)Jα(2s) + iΨ
β;α(2s−2)Tβ;α(2s−2)
}
. (6.8)
Demanding that the action be invariant under the gauge transformations (3.35), we derive
the following conditions
∇βJβα(2s−1) = iTα(2s−1) , ∇βTβ;α(2s−2) = 0 . (6.9)
From the above consideration, the most general conservation equation for the multiplet
of currents in the integer superspin case is given by
∇βJβα(2s−1) = ∇(α1Rα2···α2s−1) + iTα(2s−1) , (6.10a)
∇βTβ;α(2s−2) = 0 . (6.10b)
6.3 From N = 2 supercurrents to N = 1 supercurrents
In our recent paper [1], we constructed the general conservation equation for theN = 2
higher-spin supercurrent multiplets in (2,0) AdS superspace, which takes the form
D¯βJβα(2s−1) = D¯(α1
(
Yα2...α2s−1) + iZα2...α2s−1)
)
. (6.11)
Here Jα(2s) denotes the higher-spin supercurrent, while the trace supermultiplets Yα(2s−2)
and Zα(2s−2) are covariantly linear. The explicit form of this multiplet of currents was
presented by considering simple N = 2 supersymmetric models for a chiral scalar super-
field. Unlike in 4D N = 1 supergravity where every supersymmetric matter theory can
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be coupled to only one of the off-shell supergravity formulations (either old-minimal or
new-minimal), here in the (2,0) AdS case our trace multiplets require both type II and
type III compensators to couple to.
The general conservation equation (6.11) naturally gives rise to the N = 1 higher-spin
supercurrent multiplets discussed in the previous subsection. One may show that in the
real basis, (6.11) turns into:
∇1βJβα(2s−1) = ∇
1
(α1
Yα2···α2s−1) −∇2(α1Zα2···α2s−1) , (6.12a)
∇2βJβα(2s−1) = ∇
1
(α1
Zα2···α2s−1) +∇
2
(α1
Yα2···α2s−1) , (6.12b)
The real linearity constraints on the trace supermultiplets are equivalent to
(∇2)2Yα(2s−2) = (∇1)2Yα(2s−2) , ∇1β∇
2
βYα(2s−2) = 0 , (6.13a)
(∇2)2Zα(2s−2) = (∇
1)2Zα(2s−2) , ∇
1β∇
2
βZα(2s−2) = 0 . (6.13b)
It follows from (6.12) and (6.13) that Jα(2s) contains two independent real N = 1
supermultiplets:
Jα(2s) := Jα(2s)| , (6.14a)
Jα(2s+1) := i∇
2
(α1
Jα2···α2s+1)| , (6.14b)
while the independent real N = 1 components of Yα(2s−2) and Zα(2s−2) are defined by
Rα(2s−2) := Yα(2s−2)| , Uβ;α(2s−2) := i∇2βYα(2s−2)| , (6.15a)
Sα(2s−2) := Zα(2s−2)| , Tβ;α(2s−2) := i∇2βZα(2s−2)| . (6.15b)
Making use of (6.13), one may readily show that
∇βUβ;α(2s−2) = 0 , (6.16a)
∇βTβ;α(2s−2) = 0 . (6.16b)
On the other hand, eq. (6.12) implies that the N = 1 superfields obey the following
conditions
∇βJβα(2s) = 2s
2s+ 1
(
∇(α1Uα2···α2s) −∇(α1α2Sα3···α2s)
)
, (6.17a)
∇βJβα(2s−1) = ∇(α1Rα2···α2s−1) + iTα(2s−1) . (6.17b)
Indeed, the right-hand side of eq. (6.17a) coincides with (6.5a). Therefore, eqs. (6.16a)
and (6.17a) define the N = 1 higher-spin current multiplets associated with the massless
half-integer superspin formulations (3.30) and (4.26). In a similar way, it can be observed
that eqs. (6.16b) and (6.17b) correspond to the N = 1 higher-spin supercurrents for the
two integer superspin models (3.34) and (4.22).
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7 Examples of N = 1 higher-spin supercurrents
In this section we give an explicit realisation of the N = 1 multiplet of higher-spin
supercurrent introduced earlier.
Consider a massless chiral scalar multiplet in (2,0) AdS superspace with action [1]
S =
∫
d3x d2θ d2θ¯E Φ¯Φ , D¯αΦ = 0 . (7.1)
The chiral superfield is charged under the R-symmetry group U(1)R,
JΦ = −rΦ . (7.2)
This action is a special case of the supersymmetric nonlinear sigma model studied in
subsection (2.4) with a vanishing superpotential, W (Φ) = 0 . Making use of (2.62), the
reduction of the action (7.1) to N = 1 AdS superspace is
S =
∫
d3|2z E
{
− i∇αϕ¯∇αϕ+ 4rS ϕ¯ϕ
}
, (7.3)
where we have denoted ϕ := Φ| . This action is manifestly N = 1 supersymmetric. It also
possesses hidden second supersymmetry and U(1)R invariance. These transformations are
δǫϕ = iǫ
α∇αϕ− iǫ rϕ , δǫϕ¯ = iǫα∇αϕ¯+ iǫ rϕ¯ , (7.4)
where ǫα is given in terms or ǫ according to (2.31a), and the real parameter ǫ is constrained
by (2.31b). It can be shown that on the mass shell it holds that
(i∇2 + 4rS)ϕ = 0 , (i∇2 + 4rS)ϕ¯ = 0 . (7.5)
It was shown in [1] that by using the massless equations of motion, D2Φ = 0, the
N = 2 higher-spin supercurrent multiplet associated with the theory (7.1) is described
by the conservation equation
D(−1)J(2s) = D(1)T(2s−2) . (7.6a)
Here the real supercurrent J(2s) = J¯(2s) is given by
J(2s) =
s∑
k=0
(−1)k
{
1
2
(
2s
2k + 1
)
Dk(2)D¯(1)Φ¯ Ds−k−1(2) D(1)Φ +
(
2s
2k
)
Dk(2)Φ¯ Ds−k(2) Φ
}
, (7.6b)
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while the trace multiplet T(2s−2) has the form
T(2s−2) = 2iS(1− 2r)(2s+ 1)(s+ 1)
s−1∑
k=0
1
2s− 2k + 1(−1)
k
(
2s
2k + 1
)
×Dk(2)Φ¯ Ds−k−1(2) Φ . (7.6c)
One may check that T(2s−2) is covariantly linear,
D¯2T(2s−2) = 0 , D2T(2s−2) = 0 . (7.6d)
As is seen from (7.6c), T(2s−2) vanishes for r = 1/2, in which case Φ is an N = 2
superconformal multiplet.
The complex trace multiplet T(2s−2) may be split into its real and imaginary parts:
T(2s−2) = Y(2s−2) − iZ(2s−2) , (7.7a)
with
Y(2s−2) = 2iS(1− 2r)(2s+ 1)(s+ 1)
s−1∑
k=0
2k − s+ 1
(2k + 3)(2s− 2k + 1)
×(−1)k
(
2s
2k + 1
)
Dk(2)Φ¯ Ds−k−1(2) Φ , (7.7b)
Z(2s−2) = −2S(1− 2r)(2s+ 1)(s+ 1)(s+ 2)
s−1∑
k=0
1
(2k + 3)(2s− 2k + 1)
×(−1)k
(
2s
2k + 1
)
Dk(2)Φ¯ Ds−k−1(2) Φ . (7.7c)
Note that we make use of a condensed notation [1] throughout this section. In this
notation, we introduce auxiliary real variables ζα ∈ R2, such that any tensor superfield
Uα(m) can be associated with the following field
U(m)(ζ) := ζ
α1 . . . ζαmUα1...αm , (7.8)
which is a homogeneous polynomial of degree m in ζα. Let us introduce operators which
increase the degree of homogeneity in ζα:
D(1) := ζαDα , D¯(1) := ζαD¯α , D(2) := iζαζβDαβ . (7.9)
In addition, we also have two operators that decrease the degree of homogeneity in ζα
D(−1) := Dα ∂
∂ζα
, D¯(−1) := D¯α ∂
∂ζα
. (7.10)
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The operators associated with the real spinor covariant derivatives may be defined in a
similar way:
∇
1
(1) := ζ
α∇1α, ∇
2
(1) := ζ
α∇2α , ∇(2) := iζ
αζβ∇αβ , (7.11)
∇
1
(−1) := ∇
1α ∂
∂ζα
. (7.12)
In accordance with (6.14), the supercurrent J(2s) reduces to two different multiplets
upon projection to N = 1 superspace:
J(2s) := J(2s)
∣∣
=
s∑
k=0
(−1)k+1
{(
2s
2k + 1
)
∇k(2)∇(1)ϕ¯ ∇s−k−1(2) ∇(1)ϕ
−
(
2s
2k
)
∇k(2)ϕ¯ ∇s−k(2) ϕ
}
, (7.13a)
J(2s+1) := i∇
2
(1)J(2s)
∣∣ = − 1√
2
(D(1) + D¯(1))J(2s)∣∣ ,
= (2s+ 1)
s∑
k=0
1
2s− 2k + 1(−1)
k+1
(
2s
2k
){
∇k(2)ϕ¯ ∇s−k(2) ∇(1)ϕ
+(−1)s−1∇k(2)ϕ ∇s−k(2) ∇(1)ϕ¯
}
, (7.13b)
of which the former corresponds to the integer superspin current and the latter half-integer
superspin current.
In the case of half-integer superspin, the conservation equation (6.5) is satisfied pro-
vided we impose (7.5):
∇(−1)J(2s+1) = 2s
2s+ 1
(
∇(1)U(2s−1) + i∇(2)S(2s−2)
)
, ∇βUβ; (2s−2) = 0 , (7.14a)
with
S(2s−2) := Z(2s−2)
∣∣
= −2S(1 − 2r)(2s+ 1)(s+ 1)(s+ 2)
s−1∑
k=0
1
(2k + 3)(2s− 2k + 1)
×(−1)k
(
2s
2k + 1
)
∇k(2)ϕ¯ ∇s−k−1(2) ϕ , (7.14b)
Uβ; (2s−2) := − 1√
2
(Dβ + D¯β)Y(2s−2)∣∣ ,
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= −2iS(1 − 2r)(2s+ 1)(s+ 1)
s−1∑
k=0
2k − s+ 1
(2k + 3)(2s− 2k + 1)(−1)
k
(
2s
2k + 1
)
×
{
∇k(2)ϕ¯ ∇s−k−1(2) ∇βϕ+ (−1)s+1∇k(2)ϕ ∇s−k−1(2) ∇βϕ¯
+2iS(s− k − 1)ζβ
(
∇k(2)ϕ¯ ∇s−k−2(2) ∇(1)ϕ
+(−1)s+1∇k(2)ϕ ∇s−k−2(2) ∇(1)ϕ¯
)}
. (7.14c)
It may also be verified that the N = 1 supercurrent multiplet for integer superspin
obeys the conditions (6.10) on-shell:
∇(−1)J(2s) = ∇(1)R(2s−2) + iT(2s−1) , ∇βTβ; (2s−2) = 0 . (7.15a)
with
R(2s−2) := Y(2s−2)
∣∣
= 2iS(1− 2r)(2s+ 1)(s+ 1)
s−1∑
k=0
2k − s+ 1
(2k + 3)(2s− 2k + 1)
×(−1)k
(
2s
2k + 1
)
∇k(2)ϕ¯ ∇s−k−1(2) ϕ , (7.15b)
Tβ; (2s−2) := − 1√
2
(Dβ + D¯β)Y(2s−2)∣∣ ,
= 2S(1− 2r)(2s+ 1)(s+ 1)(s+ 2)
s−1∑
k=0
1
(2k + 3)(2s− 2k + 1)(−1)
k
(
2s
2k + 1
)
×
{
∇k(2)ϕ¯ ∇s−k−1(2) ∇βϕ+ (−1)s∇k(2)ϕ ∇s−k−1(2) ∇βϕ¯
+2iS(s− k − 1)ζβ
(
∇k(2)ϕ¯ ∇s−k−2(2) ∇(1)ϕ
+(−1)s∇k(2)ϕ ∇s−k−2(2) ∇(1)ϕ¯
)}
. (7.15c)
The above technique can also be used to construct N = 1 higher-spin supercurrents for
the Abelian vector multiplets model described by the action (2.66). We will not elaborate
on a construction in the present work.
In four dimensions, various aspects of the higher-spin supercurrent multiplets were
studied in [29–33] in the N = 1 super-Poincare´ case and in [34] for N = 1 AdS supersym-
metry. In particular, the general non-conformal higher-spin supercurrent multiplets for
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N = 1 supersymmetric field theories in Minkowski space were proposed in [31, 32], and
their AdS counterparts were formulated in [34]. Explicit realisations of the higher-spin
supercurrents were derived in [34] for various N = 1 supersymmetric theories in AdS4,
including a model of N massive chiral scalar superfields with an arbitrary mass matrix.
8 Applications and open problems
Let us briefly summarise the main results obtained in this paper. In section 2 we
developed a formalism to reduce every field theory with (2,0) AdS supersymmetry to
N = 1 AdS superspace. In sections 3 and 4 we applied this reduction procedure to the
off-shell massless higher-spin supermultiplets in AdS(3|2,0) constructed in [1]. For each
superspin value, integer (s) or half-integer (s + 1
2
), the reduction produced two off-shell
gauge formulations, longitudinal and transverse, for massless N = 1 supermultiplets in
AdS3. The transverse higher-spin formulations for massless N = 1 supermultiplets in
AdS3 are new gauge theories. In section 5, we proved that for each superspin value the
longitudinal and transverse theories are dually equivalent only in the flat superspace limit.
In section 6 we formulated, for the first time, the non-conformal higher-spin supercurrent
in N = 1 AdS superspace. In 7 we provided the explicit examples of these supercurrents
for models of a chiral scalar superfield.
There are several interesting applications of the results obtained in this paper. In
particular, the massless higher-spin N = 1 supermultiplets in AdS3, which were derived in
sections 3 and 4, can be used to construct off-shell topologically massive supermultiplets in
AdS3 by extending the approaches advocated in [14,22,26]. Such a massive supermultiplet
is described by a gauge-invariant action being the sum of massless and superconformal
higher-spin actions, following the philosophy of topologically massive theories [28,35–37].
Given a positive integer n, the conformal superspin-n
2
action [14, 26, 38] is
S
(n/2)
SCS [Hα(n)] = −
in
2⌊n/2⌋+1
∫
d3|2z E Hα(n)Wα(n)(H) , (8.1)
where Wα(n)(H) denotes the higher-spin super-Cotton tensor. The latter is a unique
descendant of Hα(n) with the properties
Wα(n)
(
δζH
)
= 0 , (8.2a)
∇βWβα(n−1) = 0 , (8.2b)
38
where δζHα(n) is the gauge transformation (3.29). These properties imply the gauge
invariance of (8.1). In a flat superspace, Wα(n) has the form [38]
S = 0 =⇒ Wα1...αn =
(
− i
2
)n
∇β1∇α1 . . .∇βn∇αnHβ1...βn . (8.3)
The construction of Wα(n) in arbitrary conformally flat backgrounds is described in [39].
Given a positive integer s, there are two off-shell gauge-invariant formulations for a
topologically massive superspin-s multiplet in AdS3. The corresponding actions are:
S
‖
(s)[Hα(2s), Vα(2s−2)|µ] = S(s)SCS[Hα(2s)] + µ2s−1S‖(s)[Hα(2s), Vα(2s−2)] , (8.4a)
S⊥(s)[Hα(2s),Ψβ;α(2s−2)|µ] = S(s)SCS[Hα(2s)] + µ2s−1S⊥(s)[Hα(2s),Ψβ;α(2s−2)] . (8.4b)
The dynamical system (8.4a) was introduced in [14], while its flat-superspace counterpart
appeared earlier in [26]. The other theory, eq. (8.4b), is a new formulation for massive
superspin-s multiplet in AdS3.
In the Minkowski superspace limit, the dynamical systems (8.4a) and (8.4b) are equiv-
alent, since they are related to each other by the superfield Legendre transformation
described in section 5. On the mass shell, dynamics can be recast in terms of the gauge-
invariant field strength Wα(2s) which obeys the equations [26]
DβWβα1···α2s−1 = 0 , −
i
2
D2Wα(2s) = mσWα(2s) , σ = ±1 , (8.5)
where the mass m and helicity parameter σ are determined by µ.10 It is an interesting
open problem to understand whether the AdS models (8.4a) and (8.4b) lead to equivalent
dynamics, modulo a redefinition of the mass parameter µ.
There are two off-shell gauge-invariant formulations for a topologically massive superspin-
(s+ 1
2
) multiplet in AdS3. The corresponding actions are:
S
‖
(s+ 1
2
)
[Hα(2s+1), Lα(2s−2)|µ] = S(s+
1
2
)
SCS [Hα(2s+1)] + µ
2s−1S‖(s)[Hα(2s+1), Lα(2s−2)] , (8.6a)
S⊥
(s+ 1
2
)
[Hα(2s+1),Υβ;α(2s−2)|µ] = S(s+
1
2
)
SCS [Hα(2s+1)]
+µ2s−1S⊥
(s+ 1
2
)
[Hα(2s+1),Υβ;α(2s−2)] . (8.6b)
The theory defined by (8.6a) was introduced in [14], while its flat-superspace counterpart
appeared earlier in [26]. The other model, eq. (8.6b), is a new formulation for a massive
superspin-(s + 1
2
) multiplet in AdS3.
10The equations (8.5) describe the irreducible massive multiplet of superhelicity κ = (s+ 14 )σ [40], with
the N = 1 superhelicity operator being defined according to [41].
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In the Minkowski superspace limit, the dynamical systems (8.6a) and (8.6b) are equiv-
alent, since they are related to each other by the superfield Legendre transformation de-
scribed in section 5. It is also an interesting open problem to understand whether the
models (8.6a) and (8.6b) in AdS3 generate equivalent dynamics.
We now present two off-shell formulations for the massive N = 1 gravitino supermulti-
plet in AdS3 and analyse the corresponding equations of motion.
11 The massive extension
of the longitudinal theory (4.25) is described by the action
S
||
(1), µ = −
1
2
∫
d3|2z E
{
i
2
Hαβ∇2Hαβ − i
2
∇βHαβ∇γHγα − V∇αβHαβ
+
i
2
V∇2V + (µ+ 2S)HαβHαβ − 2(µ− 2S)V 2
}
, (8.7)
with µ a real mass parameter. The massive gravitino action is thus constructed from the
massless one by adding mass-like terms. In the limit µ→ 0, the action reduces to (4.25).
The equations of motion for the dynamical superfields Hαβ and V are
2∇γ (αHβ)γ − i∇2Hαβ − 2∇αβV − 4µHαβ = 0 , (8.8a)
∇αβHαβ =
(
i∇2 + 8S − 4µ)V . (8.8b)
Multiplying (8.8a) by ∇αβ and noting that [∇αβ ,∇2] = 0 yields
−i∇2∇αβHαβ + 4✷V − 4µ∇αβHαβ = 0 . (8.9)
Substituting (8.8b) into (8.9) leads to
V = 0 . (8.10)
Now that V = 0 on-shell, eq. (8.8b) turns into
∇αβHαβ = 0 , (8.11)
while (8.8a) can equivalently be written as
−i∇γ∇αHβγ − (2µ+ 4S)Hαβ = 0 . (8.12)
Making use of the identity (A.7b), it immediately follows from (8.12) that
∇αHαβ = 0 , (8.13)
11The construction of the models (8.7) and (8.16) is similar to those used to derive the off-shell formu-
lations for massive superspin-1 and superspin-3/2 multiplets in four dimensions [42–52].
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and then (8.12) is equivalent to
− i
2
∇2Hαβ = (µ+ 2S)Hαβ . (8.14)
Therefore, we have demonstrated that the model (8.7) leads to the following conditions
on the mass shell:
V = 0 , (8.15a)
∇αHαβ = 0 =⇒ ∇αβHαβ = 0 , (8.15b)
− i
2
∇2Hαβ = (µ+ 2S)Hαβ . (8.15c)
Such conditions are required to describe an irreducible on-shell massive gravitino multiplet
in 3D N = 1 AdS superspace [40].
In the transverse formulation (3.37), the action for a massive gravitino multiplet is
defined by
S⊥(1), µ = −
1
2
∫
d3|2z E
{
i
2
Hαβ∇2Hαβ − i∇βHαβ∇γHγα −Hαβ∇αWβ − i
2
WαWα
+(µ+ 4S)HαβHαβ − i(µ+ 2S)
(
ΨαWα + 2µΨαΨα
)}
. (8.16)
In the limit µ → 0, the action reduces to (3.37). One may check that the equations of
motion for this model imply that
Ψα = 0 , (8.17a)
∇αHαβ = 0 =⇒ ∇αβHαβ = 0 , (8.17b)
− i
2
∇2Hαβ = (µ+ 4S)Hαβ . (8.17c)
The actions (8.7) and (8.16) can be made into gauge-invariant ones using the Stueck-
elberg construction.
In the Minkowski superspace limit, the massive models (8.7) and (8.16) lead to the
identical equations of motion described in terms of Hαβ :
DαHαβ = 0 , − i
2
D2Hαβ = µHαβ . (8.18)
In the AdS case, the equations (8.15) and (8.17) lead to equivalent dynamics modulo a
redefinition of µ. It is an interesting open problem to understand whether there exists a
duality transformation relating these models.
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There exist alternative off-shell gauge-invariant formulations for massive higher-spin
supermultiplets in AdS3 proposed in [14] for N = 1 AdS supersymmetry and in [1] for
(2,0) AdS supersymmetry. In the N = 1 case the corresponding action is
S
(n/2)
massive[Hα(n)] = −
in
2⌊n/2⌋+1µ
∫
d3|2z E Hα(n)
(
µ+
i
2
∇2
)
Wα(n)(H) , (8.19)
with µ 6= 0 a real parameter. This action may be viewed as a deformation of the supercon-
formal model (8.1). It is invariant under the gauge transformation (3.29) as a consequence
of the condition (8.2b) and the identity (A.7c).
In the flat superspace limit, the action (8.19) leads to the equation of motion
− i
2
D2Wα(n) = µWα(n) . (8.20)
Since Wα(n) is transverse, the equation of motion implies that Wα(n) describes a massive
higher-spin supermultiplet, compare with (8.5). The (2,0) supersymmetric extension of
the model (8.19) is presented in [1].
It should be pointed out that there also exists an on-shell construction of gauge-
invariant Lagrangian formulations for massive higher-spin supermultiplets in R2,1 and
AdS3, which were developed in [53, 54]. It is obtained by combining the massive bosonic
and fermionic higher-spin actions [55, 56], and therefore this construction is intrinsically
on-shell. The formulations given in [53–56] are based on the gauge-invariant approaches
to the dynamics of massive higher-spin fields, which were advocated by Zinoviev [57] and
Metsaev [58]. It is an interesting open problem to understand whether there exists an
off-shell uplift of these models.
All off-shell higher-spin N = 2 supermultiplets in AdS3, both with (2,0) and (1,1) AdS
supersymmetry [1, 21], are reducible gauge theories (in the terminology of the Batalin-
Vilkovisky quantisation [59]), similar to the massless higher-spin supermultiplets in AdS4
[25]. The Lagrangian quantisation of such theories is nontrivial. In the four-dimensional
case, the quantisation of the theories proposed in [25] was carried out in [60]. All off-shell
higher-spin N = 1 supermultiplets in AdS3, which we have constructed in this paper, are
irreducible gauge theories that can be quantised using the Faddeev-Popov procedure [61]
as in the non-supersymmetric case, see e.g. [62,63]. This opens the possibility to develop
heat kernel techniques for higher-spin theories in AdS3|2, as an extension of the four-
dimensional results [16, 64, 65].
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A Notation, conventions and N = 1 AdS identities
We summarise our notation and conventions which follow [5]. The Minkowski metric
is ηab = diag(−1, 1, 1). The spinor indices are raised and lowered by the rule
ψα = εαβψβ , ψα = εαβψ
β . (A.1)
Here the antisymmetric SL(2,R) invariant tensors εαβ = −εβα and εαβ = −εβα are
normalised as ε12 = −1 , ε12 = 1 .
We make use of real Dirac γ-matrices, γa :=
(
(γa)α
β
)
defined by
(γa)α
β := εβγ(γa)αγ = (−iσ2, σ3, σ1) . (A.2)
They obey the algebra
γaγb = ηab1+ εabcγ
c , (A.3)
where the Levi-Civita tensor is normalised as ε012 = −ε012 = 1. Some useful relations
involving γ-matrices are
(γa)αβ(γa)
ρσ = −(δραδσβ + δσαδρβ) , (A.4a)
εabc(γ
b)αβ(γ
c)γδ = εγ(α(γa)β)δ + εδ(α(γa)β)γ , (A.4b)
tr[γaγbγcγd] = 2ηabηcd − 2ηacηdb + 2ηadηbc . (A.4c)
Given a three-vector Aa, it can equivalently be described as a symmetric rank-2 spinor
Aαβ = Aβα,
Aαβ := (γ
a)αβAa , Aa = −1
2
(γa)
αβAαβ . (A.5)
The relationship between the Lorentz generators with two vector indices (Mab =
−Mba), one vector index (Ma) and two spinor indices (Mαβ = Mβα) is as follows: Ma =
1
2
εabcM
bc and Mαβ = (γ
a)αβMa. These generators act on a vector Vc and a spinor Ψγ by
the rules:
MabVc = 2ηc[aVb] , MαβΨγ = εγ(αΨβ) . (A.6)
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We collect some useful identities for N = 1 AdS covariant derivatives, which we denote
by ∇A = (∇a,∇α). Making use of the (anti)-commutation relation (2.12a) and (2.12b),
we obtain the following identities
∇α∇β = 1
2
εαβ∇2 + i∇αβ − 2iSMαβ , (A.7a)
∇β∇α∇β = 4iS∇α , (A.7b)
∇2∇α = −∇α∇2 + 4iS∇α = 2i∇αβ∇β + 2iS∇α − 4iS∇βMαβ , (A.7c)
−1
4
∇2∇2 = ✷− 2iS∇2 + 2S∇αβMαβ − 2S2MαβMαβ , (A.7d)
where ∇2 = ∇α∇α and ✷ = ∇a∇a = −12∇αβ∇αβ . An important corollary of (A.7a) and
(A.7c) is
[∇α∇β,∇2] = 0 =⇒ [∇αβ,∇2] = 0 . (A.8)
The left-hand side of (A.7d) can be expressed in terms of the quadratic Casimir operator
of the 3D N = 1 AdS supergroup [14]:
Q = −1
4
∇2∇2 + iS∇2 , [Q,∇A] = 0 . (A.9)
We also note the following commutation relation
[(∇1)2(∇1)2 − 4iS(∇1)2,∇2α] = 16S∇αβ∇2β − 16S2∇2α
− 32S2∇2βMαβ − 32iS2∇1αJ . (A.10)
Given an arbitrary superfield F and its complex conjugate F¯ , the following relation
holds
∇αF = −(−1)ǫ(F )∇αF¯ , (A.11)
where ǫ(F ) denotes the Grassmann parity of F .
B Component structure of N = 1 higher-spin actions
In this appendix we will discuss the component structure of the two new off-shell
N = 1 supersymmetric higher-spin theories: the transverse massless superspin-s multiplet
(3.36), and the transverse massless superspin-(s+ 1
2
) multiplet (4.28a). For simplicity we
will carry out our analysis in flat Minkowski superspace. In accordance with (2.51), the
component form of an N = 1 supersymmetric action is computed by the rule
S =
∫
d3|2z L =
i
4
∫
d3xD2L
∣∣∣
θ=0
, L = L¯ . (B.1)
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B.1 Massless superspin-s action
Let us first work out the component structure of the massless integer superspin model
(3.36). In the flat-superspace limit, the transverse action (3.36) takes the form
S⊥(s)[Hα(2s),Ψβ;α(2s−2)] =
(
− 1
2
)s ∫
d3|2z
{
i
2
Hα(2s)D2Hα(2s)
−isDβHβα(2s−1)DγHγα(2s−1) − (2s− 1)Wβα(2s−2)DγHγβα(2s−2)
− i
2
(2s− 1)
(
Wβ;α(2s−2)Wβ;α(2s−2) + s− 1
s
Wβ; βα(2s−3)Wγ; γα(2s−3)
)}
. (B.2)
As described in (3.38), it is possible to choose a gauge condition Ψ(α1;α2···α2s−1) = 0,
such that the above action turns into
S⊥(s)[Hα(2s),Ψβ;α(2s−2)] =
(
− 1
2
)s ∫
d3|2z
{
i
2
Hα(2s)D2Hα(2s)
−isDβHβα(2s−1)DγHγα(2s−1) − 2(s− 1)ϕα(2s−3)∂βγDδHβγδα(2s−3)
−2i
s
(s− 1)ϕα(2s−3)✷ϕα(2s−3) − i(s− 1)(s− 2)(2s− 3)
s(2s− 1) ∂δλϕ
δλα(2s−5)∂βγϕβγα(2s−5)
+
i(s− 1)(2s− 3)
2s(2s− 1) Dβϕ
βα(2s−4)D2Dγϕγα(2s−4)
}
. (B.3)
It is invariant under the following gauge transformations
δHα(2s) = −∂(α1α2ηα3...α2s) , (B.4a)
δϕα(2s−3) = iDβηβα(2s−3) , (B.4b)
where the gauge parameter ηα(2s−2) is a real unconstrained superfield.
The gauge freedom (B.4) can be used to impose a Wess-Zumino gauge
ϕα(2s−3)| = 0 , D(α1ϕα2···α2s−2)| = 0 . (B.5)
In order to preserve these gauge conditions, the residual gauge freedom has to be con-
strained by
Dβηβα(2s−3)| = 0 , D2ηα(2s−2)| = 2i ∂β (α1ηα2···α2s−2)β | . (B.6)
These imply that there remain two independent, real components of ηα(2s−2):
ξα(2s−2) := ηα(2s−2)| , λα(2s−1) := iD(α1ηα2···α2s−1)| . (B.7)
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In the gauge (B.5), the independent component fields of ϕα(2s−3) can be chosen as
yα(2s−4) := −2s− 2
2s− 1D
βϕβα1···α2s−4 | , yα(2s−3) :=
i
2
D2ϕα(2s−3)| . (B.8)
We define the component fields of Hα(2s) as
hα(2s) := −Hα(2s)| , (B.9)
hα(2s+1) := i
s
2s+ 1
D(α1Hα2···α2s+1)| , yα(2s−1) := iDβHβα1···α2s−1 | , (B.10)
Fα(2s) :=
i
4
D2Hα(2s)| . (B.11)
Applying the reduction rule (B.1) to the N = 1 action (B.3), we find that it splits
into bosonic and fermionic parts:
S⊥(s)[Hα(2s),Ψβ;α(2s−2)] = Sbos + Sferm . (B.12)
The bosonic action is given by
Sbos =
(
− 1
2
)s ∫
d3x
{
2(1− s)F α(2s)Fα(2s) + 2sF α(2s−1)β∂γ βhα(2s−1)γ
−1
2
(s− 1)hα(2s)✷hα(2s) − (2s− 1)(2s− 3)
2s(s− 1) y
α(2s−4)
✷yα(2s−4)
−(2s− 1)(2s− 3)
4(s− 1) y
α(2s−4)∂βγ∂δλhβγδλα(2s−4)
−(s− 2)(2s− 1)(2s− 3)(2s− 5)
16s(s− 1)2 ∂δλy
δλα(2s−6)∂βγyβγα(2s−6)
}
. (B.13)
Integrating out the auxiliary field Fα(2s−2) leads to
Sbos =
(
− 1
2
)s 2s− 1
2s− 2
∫
d3x
{
hα(2s)✷hα(2s) − s
2
∂δλh
δλα(2s−2)∂βγhβγα(2s−2)
−2s− 3
2s
[
syα(2s−4)∂βγ∂δλhβγδλα(2s−4) + 2yα(2s−4)✷yα(2s−4)
+
(s− 2)(2s− 5)
4(s− 1) ∂δλy
δλα(2s−6)∂βγyβγα(2s−6)
]}
. (B.14)
This action is invariant under the gauge transformations
δξhα(2s) = ∂(α1α2ξα3···α2s) , (B.15)
δξyα(2s−4) =
2s− 2
2s− 1∂
βγξβγα1···α2s−4 . (B.16)
The gauge transformations for the fields hα(2s) and yα(2s−4) can be easily read off from
the gauge transformations of the superfields Hα(2s) and ϕα(2s−3) , respectively. Modulo
46
an overall normalisation factor, (B.14) corresponds to the massless Fronsdal spin-s action
S
(2s)
F described in [14].
The fermionic sector of the component action is described by the real dynamical fields
hα(2s+1), yα(2s−1), yα(2s−3) , defined modulo gauge transformations of the form
δλhα(2s+1) = ∂(α1α2λα3···α2s+1) , (B.17)
δλyα(2s−1) =
1
2s+ 1
∂β (α1λα2···α2s−1)β , (B.18)
δλyα(2s−3) = ∂βγλβγα1···α2s−3 . (B.19)
The gauge-invariant action is
Sferm =
(
− 1
2
)s i
2
∫
d3x
{
hα(2s)β∂β
γhα(2s)γ + 2(2s− 1)yα(2s−1)∂βγhβγα(2s−1)
+4(2s− 1)yα(2s−2)β∂β γyα(2s−2)γ + 2
s
(2s+ 1)(s− 1)yα(2s−3)∂βγyβγα(2s−3)
−(s− 1)(2s− 3)
s(2s− 1) y
α(2s−4)β∂β γyα(2s−4)γ
}
. (B.20)
It may be shown that Sferm coincides with the Fang-Fronsdal spin-(s+
1
2
) action, S
(2s+1)
FF
[14].
We have thus proved that at the component level and upon elimination of the auxiliary
field, the transverse theory (B.3) is equivalent to a sum of two massless models: the bosonic
Fronsdal spin-s model and the fermionic Fang-Fronsdal spin-(s+ 1
2
) model.
B.2 Massless superspin-(s+ 12) action
We will now elaborate on the component structure of the massless half-integer super-
spin model in the transverse formulation (4.28a). The theory is described in terms of the
real unconstrained prepotentials Hα(2s+1) and Υβ;α(2s−2). In Minkowski superspace, the
action (4.28a) simplifies into
S⊥
(s+ 1
2
)
[H(2s+1),Υβ;α(2s−2)] =
(
− 1
2
)s ∫
d3|2z
{
− i
2
Hα(2s+1)✷Hα(2s+1)
− i
8
DβH
βα(2s)D2DγHγα(2s) +
i
8
∂βγH
βγα(2s−1)∂ρδHρδα(2s−1)
− i
4
(2s− 1)Ωβ;α(2s−2)∂γδHβγδα(2s−2)
− i
8
(2s− 1)
(
Ωβ;α(2s−2)Ωβ;α(2s−2) − 2(s− 1)Ωβ; βα(2s−3)Ωγ; γα(2s−3)
)}
, (B.21)
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with the following gauge symmetry
δHα(2s+1) = iD(α1ζα2...α2s+1) , (B.22a)
δΥβ;α(2s−2) =
i
2s+ 1
(
Dγζγβα(2s−2) + (2s+ 1)Dβηα(2s−2)
)
. (B.22b)
The action (B.21) involves the real field strength Ωβ;α(2s−2)
Ωβ;α(2s−2) = −iDγDβΥγ;α(2s−2) , DβΩβ;α(2s−2) = 0 . (B.23)
The gauge transformations (B.22) allow us to impose a Wess-Zumino gauge on the
prepotentials:
Hα(2s+1)| = 0 , DβHβα1···α2s | = 0 , Υβ;α(2s−2)| = 0 , DβΥβ;α(2s−2)| = 0 . (B.24)
The residual gauge symmetry preserving the gauge conditions (B.24) is characterised by
D(α1ζα2···α2s+1)| = 0 , D2ζα(2s)| = −
2is
s + 1
∂β (α1ζα2···α2s)β | , (B.25a)
Dβηα(2s−2)| = D(βηα(2s−2))| = − 1
2s+ 1
Dγζγβα(2s−2)| , (B.25b)
D2ηα(2s−2)| = − i
2s + 1
∂βγζβγα(2s−2)| . (B.25c)
As a result, there are three independent, real gauge parameters at the component level,
which we define as
ξα(2s) := ζα(2s)| , λα(2s−1) := −i s
2s + 1
Dβζβα(2s−1)| , ρα(2s−2) := ηα(2s−2)| . (B.26)
Let us now represent the prepotential Υβ;α(2s−2) in terms of its irreducible components,
Υβ;α(2s−2) = Yβα1...α2s−2 +
2s−2∑
k=1
εβαkZα1...αˆk...α2s−2 , (B.27)
where we have introduced the two irreducible components of Υβ;α(2s−2) by the rule
Yβα1···α2s−2 := Υ(β;α1···α2s−2) , Zα1...α2s−3 :=
1
2s− 1Υ
β;
βα1...α2s−3 . (B.28)
The next step is to determine the remaining independent component fields of Hα(2s+1)
and Υβ;α(2s−2) in the Wess-Zumino gauge (B.24).
In the bosonic sector, we have the following set of fields:
hα(2s+2) := −D(α1Hα2···α2s+2)| , (B.29a)
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yα(2s) := D(α1Yα2···α2s)| , (B.29b)
zα(2s−2) := −1
s
(2s− 1)D(α1Zα2···α2s−2)| , (B.29c)
zα(2s−4) := −(2s− 1)DβZβα(2s−4)| . (B.29d)
Reduction of the action (B.21) to components leads to the following bosonic action:
Sbos =
(
− 1
2
)s ∫
d3x
{
− 1
4
hα(2s+2)✷hα(2s+2) +
3
16
∂δλh
δλα(2s)∂βγhβγα(2s)
+
1
4
(2s− 1)∂δλhδλα(2s)∂β (α1yα2···α2s)β −
1
4
(2s− 1)(s− 1)zα(2s−2)∂βγ∂δλhβγδλα(2s−2)
−1
4
(2s− 1)yα(2s)✷yα(2s) − 1
8
(s− 2)(2s− 1)∂δλyδλα(2s−2)∂βγyβγα(2s−2)
−(s− 1)(2s− 1)zα(2s)✷zα(2s)
−1
4
(s− 1)(s+ 2)(2s− 1)(2s− 3)∂δλzδλα(2s−4)∂βγzβγα(2s−4)
+(s− 1)(2s− 1)∂βγyβγα(2s−2)∂δ (α1zα2···α2s−2)δ
−s
4
2s− 3
(s− 1)(2s− 1)(4s
2 − 12s+ 11)zα(2s−4)✷zα(2s−4)
+
3s
8(s− 1)(2s− 1)(s− 2)(2s− 3)(2s− 5)∂δλz
δλα(2s−6)∂βγzβγα(2s−6)
+
1
4
(s+ 1)(2s− 3)zα(2s−4)∂βγ∂δλyβγδλα(2s−4)
+
1
2
(s− 2)(2s+ 1)(2s− 3)∂βγzβγα(2s−4)∂δ (α1zα2···α2s−4)δ
}
, (B.30)
which proves to be invariant under gauge transformations of the form
δξhα(2s+2) = ∂(α1α2ξα3···α2s+2) , (B.31a)
δξ,ρyα(2s) = − 1
s+ 1
∂β (α1ξα2···α2s)β − ∂(α1α2ρα3···α2s) , (B.31b)
δξ,ρzα(2s−2) =
1
2s(2s+ 1)
∂βγξβγα(2s−2) +
1
s
∂β (α1ρα2···α2s−2)β , (B.31c)
δρzα(2s−4) = ∂βγρβγα(2s−4) . (B.31d)
Let us consider the fermionic sector. We find that the independent fermionic fields
are:
hα(2s+1) :=
i
4
D2Hα(2s+1)| , (B.32a)
yα(2s−1) :=
i
8
D2Yα(2s−1)| , (B.32b)
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yα(2s−3) :=
i
2
s(2s− 1)D2Zα(2s−3)| , (B.32c)
and their gauge transformation laws are given by
δλhα(2s+1) = ∂(α1α2λα3···α2s+2) , (B.33a)
δλyα(2s−1) =
1
2s+ 1
∂β (α1λα2···α2s−1)β , (B.33b)
δλyα(2s−3) = ∂βγλβγα(2s−3) . (B.33c)
The above fermionic fields correspond to the dynamical variables of the Fang-Fronsdal
spin-(s + 1
2
) model. As follows from (B.33a), (B.33b) and (B.33c), their gauge freedom
is equivalent to that of the massless spin-(s + 1
2
) gauge field. Indeed, direct calculations
of the component action give the standard massless gauge-invariant spin-(s + 1
2
) action
S
(2s+1)
FF .
The component structure of the obtained supermultiplets is a three-dimensional coun-
terpart of so-called (reducible) higher-spin triplet systems. In AdSD an action for bosonic
higher-spin triplets was constructed in [66] and for fermionic triplets in [67, 68]. Our
superfield construction provides a manifestly off-shell supersymmetric generalisation of
these systems. It might be of interest to extend it to AdS4.
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